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LETTER FROM THE PRESIDENT TO THE CONGRESS

To the Congress of the United States:

I transmit herewith a letter from the Administrator of the Federal
;ﬂr'rorks Ageney, enclosing a report on highway needs of the national

efense.

The report was prepared at the request of the Congress by the
Commissioner of Public Roads in cooperation with the several State
highway departments. In compliance with the request, the Secretary
of Defense and the National Security Resources Board were invited
to cooperate and have responded with suggestion of the indicated or
potential needs for improved highways for the national defense. An
expression of the views of the National Military Establishment,
which has the concurrence of each of the military Departments and
agencies, 18 appended.,

The larger part of the report presents information in detail concern-
ing the condition of the highways of the country and their fitness to
meet defense and civil needs, with particular reference to the National
System of Interstate Highways. I‘-Fﬁcm is indication alse of certain
measures intended Lo permit t-{sr,: taking of prompt highway improve-
ment action in the event of a national emergency.

This report is & 1seful document. I recommend it to the considera-
tion of the Congress in connection with such further provision as may
be made for the eontinuance of Federal aid for highway construction.

Harry 3. TruMaw,
Turx Warre Housg, June 30, 1949,
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LETTER FROM THE FEDERAL WORKS ADMINISTRATOR TO
THE PRESIDENT

Feperat Works AGEwcy,
OFFicE OF THE ADMINISTRATOR,
Washinglon, May 27, 1548,
The PresipExT,
The While House.

My Dear Mr. PresipeEwT: I transmit, with my approval, a report
on highway needs of the national defense, prepared by the Commis-
sioner of Public Roads in cooperation with the several State highway
departments, and with the advice of the Secretary of Defense and the
National Security Resources Board.

Thiz report has been prepared in complianee with a direction of
the Congress contained in section 2 of the Federal-aid Highway Act
of 1948, approved June 29, 1948, quoted as follows:

“Sgeo, 2, The Commissioner of Public Roads is hereby directed to
cooperate with the State hiﬁhwa}r departments in a study of the
status of improvement of the Nalional System of Interstate Highways,
designated - in accordance with the provisions of section 7 of the
Federal-aid Highway Act of 1944 ; to invite the cooperation and sug-

estions of the Secretary of Defense and the National Security

esources Board as to their indicated or potential needs for improved
highways for the national defense; and to supplement, not later than
April 1, 1949, the report dated February 1, 1941, entitled ‘Highways
for the National Defense’ (Seventy-seventh Congress, first session),
to reflect current conditions and deficiencies."

The report is factual in the highest degree. It points to improve-
ment needs on the country’s most imporiant highways that are of
such moment as to warrant the most serious consideration.

I recommend the report and request that you transmit it, with
yvour approval, to the Congress.

Bincerely vours,
Puiie B. FrLeMmING,
Major General, Unifed States Army,
Admandstrator.
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LETTER FROM THE COMMISSIONER OF PUBLIC ROADS
TO THE ADMINISTRATOR

Prenic Roaps ADMINISTRATION,
Feperan Works AGunoy,

Washington, May 27, 15489,
Maj. Gen. Prinir B. FLEMING,

Administrator, Federal Works Agency.

Desr GeneraL FLEMming: The accompanying report has been pre-
pared at the direction of the Congress, to reflect the status of im-
provement of the interstate highway system, with indicated needs to
serve the national defense, nn:ftn supplement the report of February
1, 1941, with current appraisal of conditions and deficiencies of the
general highway system.

The State highway departments have all joined in a remarkably
detailed examination of the mile-by-mile physical condition of the
interstate highway system, thus affording for the first time an accurate
evaluation of the roads upon which i1s concentrated the interstate
low of traflic on a Nation-wide scale,

In the preparstion of the report, in accord with the direction of
the Congress, we have requested and received full cooperation of the
Secretary of National Defense. 'We have also had the suggestions of
the National Security Resources Board.

In much the same manner as our greal rivers gather to themselves
the flow from innumerable other streams and their tributaries, the
interstate highway system receives and must carry about 20 percent
of the total vehicle-mileage generated by more than 41 million motor
vehicles. The system of interstate highways comprises only 1-plus
percent of the total of public roads and streets. The high percentage
of total traffic reflects its peacetime use. This same limited system
of major roads is clearly indicated to constitute the routes essential
to defense needs.

Any complacency we may have as to the present adequacy of these
major roads to serve in peace or in war is shattered by the evidence
presented. The average age of all roadways is 12 years. The aver-
age age of the roadbeds on which these surfaces rest is 17 years.
After 10 years of a 20-year program of rehabilitation and replace-
ment, now begun, the surfaces on the unreconstructed portion of the
system would average about 20 years of age, their roadbeds at least
25 years. These average ages point to the realistic size of the under-
taking with which we are confronted.

The most serious deficiency of our highways today, not only the
interstate system, but others of greater or less importance, is their
lack of capacity to provide for the ever-increasing number of motor
vehicles in service. This year the production of motor vehicles at
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present rates will range well above 5 million units. With a substan-
tial allowance for vehicles taken out of service, the inerease of vehicles
in use, if it could be formed into & moving column, would streteh over
27,000 miles, or once around the wm'rﬁ at the equator and 3,000
miles further on a second lap.  The use of motor vehicles is the direct
support of three of our major industries, without reference to the
aneillary spread into numerous other elements of our economy. It
geams Unnecessary to argue that the annual addition of inerements to
overloaded and hence unsafe highways, eannot be continued at current
rates without major enlargements and increases in the highway sys-
terms.

Because of the concentration of traflic on the interstate ghway
system the deficiencies are acute, particularly within the urban areas,
but these inadequacies extend to the remaining mileage of the Federal-
ald system, rur& and urban, to many miles of the secondary Federal-
aid system, and to other roads not included.  If we are to have roads
that are safe, and if we are to obtain the utility of the motor vehicle
with economy, it is necessary to have a program of reconstruction,
rehabilitation, and extension of highways consistent with the number
and types of motor vehicles now in serviee, to which extraordinary
additions are being constantly made.

The program substantially based on these requirements is clearly
sel forth in this report.

The report is the fourth in a series made at the direction of the
Congress: Toll Roads and Free Roads, April 1939; Highways for the
National Defense, February 1941; Interregional Highways, January
1944 ; and Highway Needs of the National Defense, the present re-
port.

Together these reports provide a historical review of the growth
and changing characieristics of our highways in relation to our whole
national economy, during hoth peace and war, and a projection of
future necessities bazed on solid facts whose authenticity cannot be
called into question,

They demonstrate the ability of State governments and the Federal
Government to cooperate in a study of national problems which have
both local and national significance. The contributions of the State
highway departments to this report in scope and content reflect a
maturing of scientific precision in dealing with the problems. Their
cooperation and aid are gratefully acknowledged, ;

I recommend that this report be placed before the President for
transmission to the Congress for consideration of the factual evidence
present as a basis for future highway programs.

Very respectfully,
Traos. H. MacDonavp,
Comindssioner of Public Roods.
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HIGHWAY NEEDS OF THE NATIONAL DEFENSE

Section 2 of the Federal-aid Highway Act of 1948, approved June
20, 1948, provides that:

“The Commissioner of Public Roads is hereby directed to cooperate
with the State highway departments in a study of the status of im-
provement of the National System of Interstate Highways, designated
in accordance with the provisions of section 7 of the Federal-aid
Highway Act of 1944 to invite the mofer&.t.iﬂn and suggestions of the
Secretary of Defense and the National Security Resources Board as
to their indicated or potential needs for improved highways for the
national defense; and to supplement, not later than April 1, 1949
the report dated February 1, 1941, entitled ‘Highways for the Nation
Defense’ (77th Cong., 1st sess.), to reflect cwrrent conditions and
deficiencies,”

This direction of the Congress has been complied with in every
respect. A detailed study of the status of improvement of the
National System of Interstate Highways has been made, with the
complete cooperation of every State highway df{ﬂrhment, The
Secretary of Defense and the National rity Resources Board
have been invited to cooperate and have responded with suggestion
of the indicated or potential needs for improved highways for the
national defense; and the following report, supplementary to the
report dated February 1, 1941, entitled “Highways for the National
Defense,” reflects the conditions and principal deficiencies of the
highway system of the United States, existing December 31, 1948,
as they are believed to affect the national defense.
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SUMMARY AND RECOMMENDATIONS
THN NATIONAL SYBTEM OF INTERSTATE HIGHWAYS

The National System of Interstate Highways is the trunk-line high-
way system of the United States. It connects all the largest cities
and most of the larger ones.  On its rural sections it serves 20 pereent
of the traffic carried by all rural roads. Its urban sections t.ﬁm far
designated, to which further designation will add an almost equal
mileage, now serves more than 10 percent of the traffic moving over
all city sireets.

This large measure of service is rendered by a network that includes
only 1 percent of the country's total mileage of roads and streets.
Without doubt, this system forms the most important connected
network within the highway system of the country for service of the
economy of peace.

Strategic imporiance of the interstate system

The National Military Establishment has determined that this
same system includes in its rural sections substantially the roads of
greatest strategic importance for service of the highway necessities of
war. The wrban sections designated are rated with the same au-
thority as of prime importance for wartime duty, and the additional
urban designation desirable for service of wartime movements is
identical in character with the additional needs of normal usage in
peace. This additional designation, consisting largely of circumfer-
ential routes in and around the larger eities, should be completed as
promptly as possible,

A substantial part of the street network of our cities and much of
the rural road mileage improved during a period of 40 years past, is
seriously obsolescent. Traffic has grown faster than the responsive
I]ngrm-'lumun#. of the street and highway facilities. Of the entire street
and highway network, the interstate highway system, its most
important segment, iz by and large the most seriously obsolescent
part. In the general lifting of arterial highway stundnniyﬁ that is now
needed and overlong delayed, the routes comprising the interstate
system should be among the first considered for improvement.
Clondition of the system

Recent research and development have provided definite guides
which determine in detail the standards of design required for the
adequate service of traffic of specific volumes and classes. The proper
application of these standards will not only assure a safe and efficient
aceommodation of present traflie; it will also provide for the expected
greater trallic of the future a facility of continuing usefulness, if the
size and weight of vehicles are held within the limits recommended.

The determined conditions of the interstate system have been
weighed against these standards, and the system has been found
seriously deficient. It is most deficient in its sight distances and in
the width of its pavements, shoulders, and bridges, The sight-
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distance deficiencies are the result of defects of alinement and vertical
curvature, These are fundamental defects. Their correction involves
the necessity of much relocafion and the obtainment of new or enlarged
rights-of-way, accounting in large measure for the high cost of essential
improvements, -

he relocation proposed would shorten the total length of rural
sections of the system by 384 miles, urban sections by 257 miles, a
total reduction of 641 miles from the present length of 37,800 miles.
Other improvements proposed would substantially increase the traffic
capacity of the system, and speed the flow of travel over it with
further advantage in the convenience and safety of the movement.

If in 1048 rural sections of the system had been improved as pro-
posed, 1,400 lives lost in traffic aceidents might have been saved. If
in the same yvear the proposed improvement of urban sections had
been completed, the savings of travel time alone thereby made pos-
sible, valued at a cent & minute, would have amoun to approxi-
mately four-fifths of an annual installment of the capital cost esti-
mated, amortized over a period of 20 years,

Cost of needed improvements

The estimated cost of improvements proposed is approximately
$11,266,000,000, of which $5,293,000,000 is for sections of the system
within the urban areas of cities of 5,000 or more population, and
$5,973,000,000 is for rural sections. These costs are estimated on the
basis of prices of construction work prevailing in 1948, They may be
lowered by w decline of prices in the future. i

They are, however, the costs of improvements required now to
adapt the system to the needs of its present traffic. As improvements
are undertaken, ample provision should be made for the increased
traffic that may be anticipated in a period of 20 years. This will
increase the costs as estimated, but not greatly.

Capital requirements of such magnitude obviously cannot be met
from the revenue of a single year. The improvement iz needed now.
In part it ean be deferred, but deferral means the acceptance of grenter
posts in lives lost, in inconvenience, and in the actual expense of vehicle
operation. Correction of the existing deficiencies by measures at
least as costly must be made in any case whenever in the future further
improvement is undertaken on the roads and streets now forming the
system. In a period no longer than 20 years, such improvement must
be undertaken on every mile.

If the system is to be brought to a state of adequacy in this longest
reasonable period, a capital investment averaging probably more than
$500,000,000 per year will be required. No less provision can be
economically justified.

Much greater economic and social benefit would result from a com-
pletion of the proposed improvement in a ]I:'ﬂ'iﬂd far shorter than 20
vears, Needs of the national defense further require a substantially
more rapid improvement. The improvement can be so advanced
with borrowed capital, and amortization over a period of 20 years
will hold the annual revenue requirement, less interest, to the same
amounts that would ba required for a protracted improvement. The
interest requirement would probably be more than llatifl.lﬂled by bene-
ﬁl.si aceruing to the increments of traffic the future will add to present
volumes.,
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Federal aid for inderstate system tmprovement

Federal-aid funds anthorized for the primary and urban Federal-aid
systems are currently being allotted to projects on the interstate sys-
tem at the rate of approximately $75,000,000 annually. No other
hichway expenditure of the Federal Government is more clearly justi-
fied by the national interest involved.

To provide for improvement of the system at a rate not slower than
the essential minimum, consideration should be given to the advis-
ability of the authorization of additional Federal appropriations ear-
marked for expenditure only on the interstate system m urban and
rural areas. Hunds =20 authorized should be apportioned among the
States in such proportions as to permit substantially equal progress
in the correction of existing deficiencies in all States.

In view of the extraordinary interstate and national interest attach-
ing to the system, Federal participation in the cost of improvements
made in a ratio greater than the normal 50 percent would seem appro-
priate.

Some States may elect to accelerate the necessary improvement of
the system by borrowing eapital. In any such case it would seem
desirable that the F:-.dnru?lu,w permit future allotment of Federal funds
to be applied to the retirement of the indebtedness incurred for such
improvements, exclusive of interest, in the same manner as presently
provided for participation in current costs of improvement.

CONTINUANCE OF AID FOR OTHEE HIGHWAYE RECOMMENDED

The recommended provision of additional Federal funds earmarked
for the interstate system should not be subtracted from the provision
for other parts of the Federal-aid primary and urban system, nor from
the provision for secondary roads. There are deficiencies on other
primary routes, of the same character as those shown by this report
to exist on the interstate system, and they are more numerous in
proportion to the larger mileage involved.

The National Military Establishment has pointed out that there
may be additional routes, probably not exceeding a total of 2,500
miles, that are strategically as important as some now included in the
interstate system, These are, doubtless, embraced in the Federal-aid
primary system. Improvement of the prineipal secondary roads, long
deferred, remains a present need whatever may be the provision for
the primary roads, and these improvements also will contribute to a
state of highway readiness for the national defense. The need for
these other improvements is inferior only to needs on the interstate
systein,

The Federal Government should continue to authorize appropria-
tions for the Federal-aid primary, urban, and secondary highway
gystems at rates not less than those established by the Federal-aid
Highway Act of 1048,

DESIRABLE PROVIBION FORE EMERGENCY CONBTRUCTION AND REFPAIR
OF ROADE AND BRIDGES

Before the outbreak of World War IT there was recognized need for
the construction or improvement of many sections of road required
to give local access to new points of military and industrial coneen-
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tration. After war began, these recognized needs quickly multiplied.
Federal funds ﬂ,pplicabﬁs to thése access road purposes wers not immed-
intely available and, before they could be provided by special authori-
zation of the Congress, the suddenly augmented traffic on many of
the roads found LEgm'gmsaly inadequate. The resulting confusion
and delays had a perceptible effect in retardation of the war effort.
Federal funds for emergency conefruction

It is impracticable to make definite plans long in advance of the
event for avoidance of the repetition of a similar situation in the
future. Assuming continuance of the Faderal policy of ap rﬂqu&tiﬁn
for specific highway purposes, there will always yba Fné}er funds
authorized or appropriated for such specific purposes which could be
diverted in emergency to other purposes. What is needed is per-
manent legislation authorizing the employment of such authorized
funds for other I})Jurpuses associated with the needs of national emer-
geney declared by the President. The authority should be broad
enough to cover national emergencies of war or peace, such as the
necessity of access road construction incident to anticipated hostilities
and necessities such az those experienced in conzequence of the heavy
snowfall of the past winter, and on other oceasions as the result of
major floods and other disasters. The legislation should authorize
expenditures required for the making of essential surveys and the
preparation of plans as well as for needed construction, and it should
authorize Federal payment for war-necessitated construction up to
100 percent of the cost. Emergency repair and permanent rehabili-
tation of roads, including bridges, in disaster areas should be done
under agreement with the State highway department and payment
made therefor on the established pro rata for the regular Federal-aid
highway program. The maximum sum to be available, without spe-
eifie authorization, should be fixed by law, and provision should be
made for subzequent replacement of amounts sn used.

Stock piling of maferiels and equipment

The H?:'IIJE‘.I"IE'JIE‘.E of World War IT and recent major peacetime dis-
asters indicate also the advisability of an amendment of the Federal
Highway Act authorizing payment with Federal funds of a pro rata
share of the cost of a continuous reserve or stock pile of certain Eighw&y
and bridge materials. The freeze orders of World War IT first stopped
the flow of materials in commercial Bupplii lines and then channelized
them to consumers on a priority basis. ITtems in consumers' posses-
sion were not aflected by the freeze orders, but considerable time was
required to obtain the permits requisite for the aequisition of the most
essential construction and maintenance materials after the controls
were established, In anticipation of a similar future situation it is
desirable that the supplies of certain materials in possession of the
State hichway departments at any moment be sufficient to provide for
the nnnr?ﬁ of & period long enough to effect the resumption of essential
supply under the conditions of wartime regulation.

Of certain materials that are regularly required, the reserve should
provide for the normal consumption of not less than a f-month period.
Among the more essential materials are aggregates for portland cement
concrete and bituminous concreie, bituminous materials, cement,
chlorides for the treatment of ice-coated pavements, culvert pipe, nails,
paints, steel and timber piling, structural steel and timber, steel
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products other than bridging, storage batteries, antifreeze for motor-
vehicle radiators, tires and tire chains, and assorted equipment
repair parts.

For nse in the quick replacement of bridges destroyed by flonds, and
equally essential ns o precaution against possible need in the event of
war, it would be desirable 1o place in storage with the several State
highway departments a substantial stock of portable bridge units
capahble of incorporation in' permanent structures,

he foregoing recommendations of stand-by fiseal and stock-piling
provigions have the endorsement of the maintenance and equipment
committes of the American Association of State Highway Officials,

Repair of damage on local roads

To make these fiscal and stock-piling provisions the more effective
for nse in civil disaster relief, they should be made applicable to the
restoration of damaged roads and bridges of the cities and eounties
in States which, by appropriate State legislation, establish requisite
control of the undertakings by the State higchway department. A
further useful provision, designed to facilitate the interstate loan of
materials, equipment, and equipment operators, would be a Federal
guarantee of the repayment of such loans and liabilities incurred for
injuries to workmen,

OTHER RECOMMENDATIONS

It is aleo suggested (1) that highway authorities should be rapre-
senLed L-Muugﬁg the Public Roads Administration and appropriate
State highway departments on boards ereated to seleet sites for mili-
tary and strategic industrial establishments to the extent necessary to
assure efficient provision of highway connection, and (2) that ade-
quate representation of highway and highway transport necessities
should be provided for in any future establishment of agencies to
apportion and ration war-gssential materials in short supply.

L






STATUS OF IMPROVEMENT OF THE INTERSTATE HIGHWAY
SYSTEM AND ITS SERVICE TO TRAFFIC

ExrenT oF THE SvsTEM

The existing roads and streets presently serving as routes of the
National System of Interstate Highways, shown in ficure 1, have a
iotal length of 37,800 miles. Of this total, 3,778 miles are composed
of streets in “urban areas" including all cities of 5,000 or more popula-
tion by the 1940 census, and 2,191 miles consist of streets in towns of
less than 5,000 population. The total included mileage of streets in
urban places is, therefore, 5,969 miles, The remainder of the gyalemm
as presently designated consists of 31,831 miles of rural roads loes ted
outside of the limits of all towns and urban areas.

MILEAGE AND TRAFFIC

The 5,960 miles of urban streets included in the system represent
nhout 2 pereent of the 316,536-mile total length of all city streets.
The 31,831 miles of the system's rural-road sestions represent 1 percent
of the country’s total of 3,009,617 miles of rural roads,

In 1048, the 5,969 miles of urban streets included in the system
served an estimated 20,740 million vehiele-miles of travel.  This
traflic, served by 2 percent of the total city-street mileage, was almost
I1 percent of the traffic served by all city strects.

he 31,831 miles of rural roads included in the system served during
1948 an estimated 33,965 million vehicle-miles of fravel. This traffic,
served by 1 percent of the total rural-road mileage, was 17 percent of
the traffic served by all rural roads.

The existing streets, constituting the urban sections of the system,
carried in 1948 an average traffic of 9,500 vehicles daily. This com-
pares with an average for all other city streets of about 1,600 vehicles
per day.

Existing roads constituting the designated rural sections of the
system carried in 1948 an average traffic of 2,915 vehicles daily. This
compares with an average of about 1,205 for the entire Federal-nid
primary highway system, 1,155 for the State highway systems {(exelu-
sive of local roads under State control), and 53 vehicles per day for all
rural roads not included in any of these systems.

The 1 percent of the country’s total rural-road mileage, which forms
the rumrpnrtmn of the designated interstate system, served in the
several States an average of 27% percent of the travel on all rural roads
in each State by vehicles registered in other States, The designated
rural system i= thus shown to be outstandingly of service to that por-
tion of the country's highway traffic that can be classed as interstate
in character.
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FOPULATION BERVED

Of the total urban population of 83,766,379 in the United States in
all incorporated places, as shown by the 1940 census, 54,378,200, or
65 percent, was resident in eities and urban places connected by the
designated interstate system, These included all of the cities of
250,000 or more in population, 49 of the 55 cities that had population
between 100,000 and 250,000, 89 of the 107 cities that had population
between 50,000 and 100,000, and 2,538 smaller cities, towns, and
urban places.

Routes of the system traversed for some distance 1,160 of the
3,076 ' counties in the United States. In these counties traversed,

The interstate highway system, when eompleted and improved, will inelude only
ahout 1 pereent of the Nation's roada and streeta but will carry 20 percent of the
total traffic. Many sections of the system now are as congested as [T 8 Routes 3
and 20 in Boston, Mass,, shown here.

the 1940 population was 23,953,461, or 50 percent of the total rural
population of the country.
BRIDGES

On the entire system, as presently designated, there are 12,048
bridges. Of these structures 10524 carry interstate routes over
streams or natural water courses; 979 are over railroads; 384 ]I
other highways. The remaining 161 are structures spanning two or
more of the above kinds of crossings.

! For statistical purposes, parts of Yellowstone Matlonal Park. In Idabo and Mentann are eoonled as
separate eounties, Faor the same resson the District of Calumbin is ineluded s s county, and vacions inde-

pendent ei*ios, afg.) 24 in Virginia, are lomped in the respective eounties of which they might logically be
comsidered geographicaliy » part.
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Of the bridges over streams 31,281 are on urban sections of the
system, 9,243 on rural sections. Of the bridges over railvoads 306
are on urban sections, 583 on rural sections of the system. Of those
over highways 217 are on=irban seclions; 167 on rural portions. Of
the 161 remaining structures, 104 are on urban portions and 57 are on
rural sections, Of the total of 12 048 structures carrying the inter-
state routes, 1,098 are on urban sections and 10,050 on rural sections
of the system.

Additional to the 12,048 bridges which carry the interstate routes
over streams, railroads, and other highways, there are 943 bridges,
562 on urban and 381 on rural sections of the system, which carry
railroads over the interstate routes; and 336 structures, 185 on urban
and 151 on rural sections, which carry other highways over the in-
terstate routes.

BTATUR OF ]MPI{UYI‘]}IEN'J.‘ oF Interstars Hicaways

The system, as generally deseribed above, consists of those exist-
ing roads and streets now commonly uzed for travel along the general
lines of the designated interstate routes. All of these roads and
streets were reviewed in detaill by the State highway departments.
Field surveys were made, as necessary, and these were suPplemtant.sd
by reliable records to prepare an inventory of the physieal conditions
existing on all parts of the system and an enumeration of the traffic
which ench section served in 1948, These data were uniformly com-
piled by all of the State highway departments and reported in detail
to the Public Ronds Administration, where they were summarized for
the system as a whole,

Figure 2 shows a sample of the graphical highway dato sheet on
whiuﬁ.l the desired information was reported by the State highway
departments.  Supplementary to the report in this form, the States
coded many of the items in preparation for mechanical tabulation,
and this eoding was verified, and the data tabulated and analyzed,
by the Public Roads Administration.

The following pages summarize the more significant information
revealed by the survey.

TYPES OF BURFACHS

All but 24 miles of the system as it exists at present have been sur-
faced. Of the small unsurfaced mileage, % miles are urban and 15
miles are rural.  Of this unsurfaced mileage, all but one-half mile had
been graded and drained at the time of the survey.

Low-type surfaces

A small mileage—~6 miles, of which 2 miles are urban and 4 miles
rural—is surfaced with selected =o0il. These are the most primitive
surfaces now existing on the system., With 138 miles of untreated
gravel or stone surfaces, 3 miles in urban and 135 miles in rural areas
they constitute a total of 144 miles classed as of low-type surface. of
this total, 5 miles are urban and 139 miles rural.

Intermediate-type surfaces

Surfaces classed as of intermediate type, consisting of three low-cost
types of bituminous surfaces, exist on 4,990 miles of the system, of
which 417 miles are in urban and 4,573 miles are in rural areas.

PR S T A TR L S ERC TR
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High-type surfaces

By far the greater part of the system—=32,642 miles—is paved with
surfaces of high type. Of these surfaces 16,091 miles are high-type
bituminous pavement, 2,390 miles in urban, and 13,701 miles in rural
Arsas,

A mileage nearly as large—15,230 miles—is paved with portland
cement concrete; 2478 miles in urban, and 12,752 miles in rural
areas, The remainder, 1,321 miles, is surfaced principally with brick
or block pavements and different high-type surfaces in combination.
Of this latter mileage, 670 miles are in urban, and 651 miles are in
rural arens,

AGE OF BURFACES

While, as stated above, a very large part of the system is surfaced
with pavements classed as of high type, and only an insignificant
mileage remains unimproved, these facts of surface-type elassification
do not reflect the ::um{JiLiun of the surfaces of the highways, and there
is o convenient gage by which conditions a0 various as those of the
surfaces existing on the system can be measured and intelligibly
recorded and classified.

Aperage age

Perhaps the best indication of the condition of the surfaces may be
found in their ages, which for all rural portions of the system are
definitely known. The average age of all surfaces on rural sections
of the system is 12 years. Many, of course, are much older. The
roadways on which these surfaces are laid are nearly half again as old,
averaging about 17 years of age. In other words, the average mile of
rural highway on the interstate system consists of a surface that was
last improved in 1937 and a roadway upon which the last major im-
provement of alinement and grade was made in 1932, These are most
significant facts in view of the increases in traffic and the demands of
safe operation that have ocourred during these intervals.

Age by type of surface

Of the 27,104 miles of high-type pavement on rural sections of the
system, 3,743 miles or 14 percent are more than 20 years old. Be-
tween 10 and 20 vears of age there are 12,614 miles, or 46 percent of
Llluit total; and only 10,747 miles, or 40 percent, are less than 10 years
old.

The surfaces of intermediate type average even older. Of the
rural surfaced mileage of this class, totaling 4 573 miles, 614 miles,
or 13 percent, are more than 20 vears old ; 2,608 miles, or 59 percent,
are between 10 and 20 years of age; and only 1,261 miles, or 28 percent,
are less than 10 years old.

The low-type surfaces on the syastem, being of less durable character,
naturally are of lesser present age. Of the surfaces of this class,
totaling 139 miles on rural sections of the system, only 3 miles, or 2
percent, are more than 20 years old; 50 miles, or 36 percent, are
betweenn 10 and 20 years old; and 86 miles, or 62 percent, are less
than 10 years of age.

WIDTHS OF SURFACEE AND SHOULDENS

Of the 5,969 route miles of the system in urban places, 695 miles
arg made up of pairs of one-way streets, the street mileage of which
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is twice the route mileage. The remainder, 5.2 i sonsi
bty age. T er, 5,274 miles, consists of

Urban surface widths

Of the street mtlean of one-way streets, a total of 1,300 miles only
168 miles are as much as 40 feet wide; 366 miles are between 30 and
40 feet wide; the largest fraction, 835 miles, are between 20 and 30
feet wide; and 21 miles are less than 20 feet in width,

Of the two-way streets, 2,069 miles are less than 30 feet wide, 1,011
miles are between 30 and 40 feet wide; 1,747 miles are between 40 ‘and
60; and 447 miles are more than 60 feet wide,

Rural surface widths

Of the 31,831 miles of the system in rural i
. i es of the syste areas, 31 816 miles are
surfaced, and of this mileage 27,669 miles have two-lane ﬁurfa,cf:

This is one of n}:a:ir of one-way streets J ;

: =-way streets that earry U 8 Route 40 through Balii-

more, Md. Note the different widths of pavement in the two blff:c;lks,n .:';

smpfll.:ap. relatively unsatisfactory means of handling heavy city traffic, there
are B0 miles of such pairs of one-way streets on the interstate system,

There are 241 miles on which the two-lane surface is le
wide, and an additional 5,868 miles on which it E: ll:ﬂl:geﬂl?g ;ﬁiﬁﬂeﬂb
Ienl:“'.fulnl. More than 40 percent of the existing two-lane surfaces
.1.1’b‘h miles, are between 20 and 22 feet wide ; 4,604 miles are between
22 and 24 feet; and only 5,229 miles are as much as 24 feet in width
Of the rural mileage surfaced with more than two lanes—s total of
4,147 miles—1,607 miles have three lanes; 1,056 miles have four or
more lanes without central division: and 1,484 miles are improved
with pavements centrally divided for separation of traffic of opposite
direction. Nearly 11 miles of these divided pavements have six or

{I:}DE‘E fli[:ulh:-. lanes; 1,473 miles have four lanes, two for each direction
Catme,
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Width of shoulders

Of the 31,831 miles of the system in rural areas, 421 miles are built
without shoulders, eurbs replacing this normal feature of rural road
design. Of the 31,410 miles built with shoulders, 6,273 miles have
shoulders less than 4 feet wide; 15,990 miles have shoulders between
4 and & feet in width, and on 9,147 miles the shoulders are § feet wide
o more,

CURVATURE

Of the total length of the system in rural areas, 1,949 miles are lo-
cated in areas classed as mountainous; 12,572 miles are located in areas
of rolling topography; and 17,310 miles lie in generally flat or level
arcas.

This street is TT 8 Route 422 in Reading, Pa. Its extreme width is pegated by
the lack of channelization or contrel, as evidenced by the haphazard, erowded
vehicular movements.

Frequency and sharpness of curoes

Both the number and the sharpness of eurves, as would naturally
be expected, are greatest on the sections of the system in mountainous
areas. On the 1,949 miles in such areas there are 5988 curves, or
more than three [or every mile, that are sharper than 3 degrees, On
the sections in rolling topography, 12,572 miles in total length, there
are 9,435 curves sharper than 3 degrees, a frequency of 1 to every
1}% miles; and on the 17,310 miles in flat topography the number of
curves cxceeding 3 degrees is only 6,473 or not much more than 1 in
every 3 miles.

On the entire 31,831-mile extent of the system in rural areas curva-
ture in exeess of 3 degrees oceurs a4 21,896 points, an average of a little
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more than 1 in each 1% miles of the system. All other curvature on
the rural system is not greatersthan 3 degrees,

A 3-degree curve has o radfus of about 1,900 feet. It is a curve that
can be rounded with safety at 70 miles an hour; but any curvature of
greater degree requires for safety a reduction of vehicle speed below
70 miles an hour. On a curveof 11 degrees (radius about 520 feet) it is
unsafs to travel above 50 miles an hour, Curves gharper than
11 degrees occur on mountainous sections of the system with a fre-
quency of more than once per mile, About once in each 1% miles in

This 15-degree eurve, on 1T 8 Houte 31 in Tennesses, is & murderer. Three davs
after the picture was made to illustrate this report, & motoreyelist died beenirse
he failed to round the turn, A few weeks previonsly, two men were killed when
their ear hit a disabled truek which had to stop on the pavement because the
shoulder was too narrow,

these seetions in mountainous areas & curve is encountered which is
sharper than 14 degrees, which is safe for a speed of only about 40
miles per hour.

Chursature and safe speed

If l:gr reason of the frequency of occurrence of curves in excess of
11 and 14 degrees, the mountainous sections of the system in their
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prezent state were characterized, on the basis of curvature alone, as
generally sale for speeds of 40 to 50 miles an hour, the same curve-
frequency test applied to the sections in rolling topography would rate
them as safe on the average for 60- to 70-mile speed. This, it should be
added at onee, is a rather broad generalization, because there are curves
in some places on the system in rolling topography that are about as
sharp as any in the mountainous areas. }55 similar broad generaliza-
tion and like qualification, the greater part of the system in flat rural
areas can be characterized, on the basis of curvature alone, as good for
speeds approaching 70 miles an hour,

Sinee adequacy of design is determined by a number of conditions
besides curvature, the general characterizations indicated in respect
to curvature must be strictly so limited. All conditions considered,
a very small part of the system as it now exists is satisfactory for
travel at 70 miles an hour,

GRADES

The steeper grades on a highway become serious impediments to
movernents over the highway only when they are of substantial length.
Vehicles climb short, steep grades on the momentum gathered on
approaching down grades or stretches of level or light upgrade.
Classification of grades

For this reason, in the survey of the grades existing on the syetem,
grades of various steepness were recorded as significant only where
they exceeded certain lengths, varying with the rate of gradient. The
determining lengths were 2,000 feet for grades between 3 and 4 per-
cent, 1,000 feet for grades between 4 and 5 percent, and 500 feet for
grades of over S-percent steepness,

Grades of the several degrees of steepness were recorded when,
either as continuous sections of single gradient or as an memﬁre of
different grades within a conlinuous section, they extended Lo at least
the determining lengths corresponding to the three grade classes. It
follows that no grades of 3 percent or less were recorded except as, in
eombination wit{:h steeper grades, they averaged above 3, 4, or 5 per-
cent for the required determining distances.

Grades steeper than 3 percent

As thus defined, there are 6,646 grades totaling 2,770 miles on the
entire designated system that are steeper than 3 percent; 656 of these
grades, totaling 226 miles, are on urban sections of the system: 5,990,
totaling 2,544 miles, are on the rural portion of the system,

Steeper than 6 percent, there are on the entire system 668 grades,
totaling 243 miles, of which 108, totaling 28 miles, are on urban sec-
tions, and 560, totaling 215 miles, are on rural sections,

The steepest grades

The two steepest grades on the entire system are hoth in urban
areas. Both average more than 10 percent. One is on U S Route 40
in the town of Old Washington, Ohio (population, 207), The other
iz on U S Route 70 in Marion, N. C. {population, 2,580,

The grade on 1 3 Route 40 averages just over 10 percent on a length
of about one-third mile, but it includes a section of 14-percent grade
one-fifth mile in length. An hourly traffic of 430 vehicles traveled
this grade, up and down, in 1948. The road has an 18-foot two-lane
bituminous pavement of high type.
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The grade on U S Route 70 averages almost 11 percent for a distance
of 0.15 mile, The up-and-down hourly traffic on this grade in 1948
was 555 vehicles. The street has a 55-foot concrete pavement.

e
-

Fhoto by Worman Q. Wallace

Such winding location, often pictured as evidence of good engineering, ignores
the necessitics of safe accommodation of modern traffic, This aection of T B
Route 66 in Arizona must be relocated to meet the interstate system standards,
In total, 11,891 miles of the system require reloeation,

The longest grade

The longest grade on the entire system is on U S Route 99, south of
Bakersfield, Calif. Tt is 20 miles long and averages 4 percent over the
entire length. Included, however, are ftwo 6-percent grades, totaling
more than 6 miles, and two 5-percentlerades, totaling one-half mile,
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On the grade thers are 16 curves, 12 between 3 and 4 degrees and 4
between 4 and 5 degrees.  Six miles of the grade are surfaced with an
undivided pavement 30 feet wide; the remaining 14 miles have a
divided four-lane pavement, varying between 20 and 25 feet wide on
ench side. The average daily traffic in 1948 was 8,650 vehicles, of
which 18 percent were trucks and busses.

BTOPPING SIGHT DISTANCH

In the 31,831 miles of the interstate system as it is presently im-
proved, there are 21,028 sections of various length, totaling 2 087
miles, on which the road ahead is not visible for a distance sufficient
to permit the stopping of vehicles moving at desirable speeds before
striking low-lying objects and holes or other dangerous surface
conditions, The mileage deficient in this respect is nearly 7 percent
of the total rural mileage of the system. Safe operation on these
sections ean in some cases be provided for by the removal of sight-
distanee obstructions such as trees, eut slopes, and buildings. In the
great majority of cases, however, correction can be made only by
changes of the alinement or profile of the road, or both, to provide
flatter horizontal and t-'nrt.imdpt:urvns.

PASEING SIGHT DISTANCE

Stopping sight distance is necessary for safety of operation on all
roads.  On two-way roadways of two and three lanes it is equally
desirable that the road ahead be visible for a sufficient distance to
permit drivers to move into the left or central lane long enocugh to
pass other vehicles without danger of collision with oneoming vehicles,
The lack of such safe passing sight distance is the principal resson {or
the formation of queues behind slow-moving vehicles and 8 major
cause of the obsolescence of highways built in the past. Where
passing sight distance is inadequate, safe drivers are restricted in their
freedom of movement to almost the same degree as if the lane used
for passing were filled with oncoming vehicles: and those who attempt
to pass under these conditions are reckless drivers who all too often
cause grief to others as well as themselves as 8 result of their action.

The sight distance required for safe passing varies with the speeds
of the passed and passing vehicles and the speed of a possibly oncoming
vehicle. For safe passing at the speeds that should be aceommodated
on the interstate system, a clear sight distance of 1,500 feet ahead
is essential. Tt is not necessary that the road ahead be wvisible for
this distance from every point on the highway. This is a condition
that could be fulfilled only at a pmhiﬁit-ivn cost. It is essential,
however, for reasonable safety, that 1,500 feet of sight distance shall be
available continuously over sections of the road sufficiently long to
permit the completion of passing maneuvers, and that such sections
shall recur at intervals su ciﬂntﬁ' short to prevent the building up of
quenes of vehicles waiting to pass. _

One of the more serious deficiencies of the interstate system as it
exists today is found in the fact that there are 7,324 miles of the 29,276
miles in Tural areas surfaced for two and three lanes—one-fourth of the
entire mileage—on which this condition of safe travel is not present.
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STOP B8IGNS AND TRAFFIC LIGHTS

&+
The free flow of traffic on the system at present is interfered with
at numerous points, especially in urban aress, by stop signs, stop-
and-go lights, and flashing beacons. On rural sections of the system
there are 132 stop signs requiring the halting of vehicles moving on

Lines of erawling traffic on hills are not unexpected when the badly broken pave-
ment i8 g0 closely heammed in by guardrails and there iz neither passing sight
distance nor room to pass.  This part of U 8 Route 40 in California is traveled
daily by 4,000 vehicles. Passing sight distance is undesirably restricted on
7,324 miles of the interstate systern, =

the interstate highway. Besides these, on rural sections, there are
394 traffic lights of the stop-and-go variety and 302 cautionar fashing
beacons. These stop signs and signals on rural sections of the gystem
are encountered mainly in the more populous areas and in the vicinity
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of cities, Most of the 31,831 rural miles of the system is entirely
free of such traffic control,
Clonditions in eifies s

In cities the condition is very different. On the 5,969 miles in urban
places there are 9,036 installations of such signs and signals, an aver-
age of 3 for every 2 miles. In the larger cities—those over 5,000 pop-
ulation—they average 2 to the mile. In the largest cities they are, of
course, of still more frequent occurrence. :

Stopping necessitated by these signals accounts in part for the very
slow movement of traffic that is found to exist on urban sections of the
system. In larger part, perhaps, the slow speed is occasioned by the
many other obstacles to movement encountered. Among these are

*

Troe 7 v and turning movements on urban portions of the interstate

P::‘:g‘ll::::: }:T-ULr:E:n“]mmpnmdgh:,.- traffic lights, narrow streets, parking, and
entranees to gasoline stations and other business establishments, as shown here
on U 8 Route 1 in Virginia. Improvement to interstate system standards
would gxve 21 billion vehicle-minutes—almaost 40,000 yoars—annually.

many unsignalized cross streets, jay-walking pedestrians, the midblock
halting of vehicles to load or unload, the mnneulvp.rm? of vehieles into
and out of parking spaces, and the double parking o vehicles,

Speed of movement in cities :
All of these causes together result, as shown by actual running
testa made in all cities rﬁ 5,000 or more population, in an average
speed of movement on sections of the system in cities of these sizes
of only 18.1 miles per hour during the hours of peak traffic and
93.5 miles per hour during the off-peak hours. There is almost no
variation from these averages in cities, from the smallest to the

¥
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Since about one-third of the day’s traffic is known to pass over
the streets during the two peak periods, totaling about 4 hours a day,
the average specs of the all-day movement can be readily computed as
21,7 miles per hour, a speed at which it takes 2.77 minutes for a
vehicle to travel a mile.

Time savings through improvement

The annual travel on sections of the system in cities of 5,000
population or more is 17,180 million vehicle-miles. The aggregate
travel time for this movement at the prevailing speeds is 47,589
million vehicle-minutes. If the average speed of the movement were
increased to 35 miles an hour, the minimum that would be required
if the streets were adequately improved, this time would be reduced

i

Some 760 railroad grade erossings on the interstate svstem, auch aa this one on
U 5 Route 60 in West Virginia, definitely should be eliminated. Another
1,287 grade crossings of branch lines and apur tracks require considerstion,
Only halfl of the total number of railroad crossings on the interstate system are
separated from the highway by underpass or overpass,

by 20,819 million vehicle-minutes annually, taking into account the
inereased traffic that would have used these stroets had they been so
improved, and the shortened mileage resulting from the improvements
At s cent a minute, this time saving wnuﬁd be worth more than
5209 million annually, a sum about four-fifths as great as the annual
cost of urban improvements hereafter proposed, spread over 20 years,
In addition, the elimination of much stopping and starting would
effect tangible and material savings of a larger order in reduced
gasoline consumption and vehicle maintenance costs.
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RAILROAD GRADE CROBRINGS

A total of 2,047 grade erossings of railronds remain on the roads and
streets that presently form the designated system. This is only 17
less than the number of grade crossings that have been eliminated hy
the construetion of grade-separating bridges.

Of the grade crossings remaining, 785 are crossings of railroad sidin
or spur fracks only, but 1,262 are crossings of main-line tracks. Of
these main-line crossings, 542 are crossings of single-track lines on
which there are six or more train movements daily; 218 are crossings
of two or more main tracks,

CaraciTy anp DIMENsIONS oF BrRIDGES
LOAD CAPACITY

With few exceptions the strongest of existing highway bridges
are of the design designated as H20-316. Such bridges are designed
to support live loads equivalent in siress effect to those imposed by a
20-ton tractor truck of 14-foot wheel base coupled to a semitrailer
with 16 tons on its single axle 14 feet to the rear of the rear axle of
the tractor. The gross load of the combination, imposed over a
length of 28 feet, iz 72,000 pounds. Such bridges will earry, without
increase of stress, longer vehicles of much greater gross weight and
will support without failure the infrequent passage of heavy military
vehicles, if the weight is properly distributed.

Bridges of other design strength are similarly designated as H15-312,
signifying an assumed design loading Equiu'u.iy;&nt to that of a tractor-
semitrailer combination of 27 tons gross weight, and as H20, H15,
H10, ebe., signifying the assumption of design loadings equivalent
to those of single trucks of 20, 15, and 10 tons gross weight. In each
case the wheel base of the combination assumed iz 28 feet, and that
of the single truck iz 14 feet.  All such bridges will safely carry vehicles
of Srmss weight considerably in excess of the design vehicle if the weight
iz distributed over greater length.

Bridges of adequate capacity

Of the 12,048 bridges presently carrying the interstate routes
over streams, railroads, and other highways, 1,607 are designed for
or rated as of H20-516 load capacity. Two hundred and nineteen of
these are on urban sections of the system; 1,388 are on rural sections,
Bridges rated as H20 number 2,207, of which 763 are on urban, and
1,444 on rural sections of the system. A total of 7,526 of the existing
bridges, 887 on urban sections and 6,639 on rural sections of the sys-
tem, are rated in classes from H15 to H19. These existing bridges on
the syastem will all support with complete safety the frequent passage
of vehicles conforming in weight to any of the State laws in current
effect. None but the H20-516 bridges is designed to carry some of the
more extreme loads known to be moving over the system,

Hridges of tnadequate eapacily
A total of 677 of the existing bridges, 110 on urban, and 567 on rural
“sections of the system, are rated as of less than H15 capacity. All of
these must be considered as 1irf iILHqulil_I.ll.t‘i{} capacity; and 130 of them,

G B R R T R . O
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be regarded as dangerously inadequate. Of all the bridges on the
system it has been 1mposgible to determine the load-capacity rating
of only 31, of which 19 ars on urban, and 12 are on rural sections of the
system. :

WIDTHS OF BRIDGES

From the foregoing it is apparent that, in respec i
t . i spect to load capacit
alone, most of the existing bridges on the system are reasonai:-]; ade}:

By T

[

FPhato by Vermont Department of Highways
Large vehicles are foroed to straddle th ine i

vehiel s fors ; * the pavement centerline in erossin i

narrow bridge with its sharp-curved approaches, on U 8 Route & in vcrﬁl;k?;”

On rural portions of the i ; 2 y i
inadequaffwidlh. intorstate system alone there are 8187 bridges of

quate. Unfortunately, an equally favorable report o i
respect to other featu::rcs of their design ang ]oﬁati&:inmt S
The most serious deficiency of the exisling bridges is their inadequate
width. Many are narrower than the existing approach pavements
which themselves are often too narrow. Many more are not wider
than the approach pavements, as they should be for equal safety and

convenience, whether the pavements are sufficiently wide or not. = And

a very large number are grossly inadequate in their wi
] 3 r width for the
volume of traffic thev carrv. : i L
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Width deficiencies

At the extreme of inadequacy are 52 two-way bridges which are
less than 18 feet in horizontal elearance. Thirty-one of these bridges,
each more than 80 feet long, are classed as long bridges.  And, most
unfortunately, 14, of which 9 are long bridges, are classed among the
strongest of the existing bridges by ratings of H20, Two of these
bridges less than 18 feet wide somehow managed to earry an hourly
traflic in 1948 of more than 800 vehicles.

The widths of the existing bridges cover such a wide range, the
relation of bridge width to the width of existing approach pavement
is so various, and, moreover, the relation of the bridge width to the
volume of traffic served is so complicated, that it is impossible to
summarize in brief statement the many evidences of existing width
inadequacy.

Here it may be sufficient to say that of the total of 10,050 bridges
cmrﬂ'ing the interstate routes in rural areas, only 1,863 conform fu ]ﬂ
to the standards of width regarded as reasonable for highways of sue
importance, With some tolerance, 1,517 additional structures may be
accepted as substantially adequate; but 6,670 of the existing rural
bridges, about two-thirds of the total number, are entirely too narrow,

{'nderpasses

A similar condition of width inadequacy affects the bridges which
carry railroads and other highwags, forming underpasses for the inter-
state highways. Of the 381 bridges which carry railroads over rural
sections of tglf interstate system 316 do not provide sufficient hori-
zontal clearanee for the highway as it should ba duniﬁnﬂd;‘mld of 151
bridges carrying other highways over, 41 allow insu icien* clearance
for a proper width of the mterstate highway. |-

VERTICAL CLEARANCE

In regard to vertieal clearance, the situation is much hetter; in fact,
extremely good. Most of the bridges carrying the intersiate routes
are of the deck type, with no overhead restriction whatever., The
commonly accepted standard of vertical clearance for bridges, and the
standard which is regarded as adequate for the interstate system, is
14 feet.

There are only 71 of the existing bridges carrying rural routes of the
system that provide vertical clearance less than 14 feet. Eighteen of
tin bridges inadequate in this respect are structures of H20 capacity
rating: 53 are of lesser capacity rating.

There are, however, on the rural system 2 highway overpasses, and
70 railway overpasses that provide wertical fﬁanmnca less than 14
feet; and on the entire system, both urban and rural, there are 320

laces where 14 feet of vertical clearance is not available. One hun-
red and seventy-five of these places are in urban areas and 145 in
rural areas.
MATERIALS OF CONSTRUCTION

Of the 12,048 bridges on the system, 2,801, of an aggregate length of
189 miles, are built of steel. Three hundred and ninety-four of these
steel bridges are 100 to 200 feet in length; 341 are 200 feet and longer.
All but 189 are of H15 load capacity or stronger,
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The 7,875 concrete bridges on the system are the most numerous
of any single material, and their aggregate length, 191 miles, is
slightly %ﬁea.l.er than that of the steel bridges. Only 149 of the
concrete bridges are between 100 and 200 feet in le and onl{ 82
are 200 feet and longer. Only 232 of the concrete bridges are of load
eapacity less than H15.

Twelve hundred and forty-five of the existing bridges are wooden
structures, their aggregate length 29 miles. There are 47 of these
bridges that are rated as of H20 capaeity or more. Many are much
weaker; in fact, the number of wooden bridges rated below H15
cupﬂx:'trl,g.ir, a total of 256, exceeds the number built of any other
material,

Ten-foot vertical clearance and width narrower than the approsch pavement,
with the added hazard of a center pier, bottleneck the 13, vehicles a day,
includin% 2,700 trucks and busses, that use this underpass on U 8 Routes 12,

14, and 151 in Wisconsin.

Of material other than steel, concrete, or wood there are 127
existing bridges, mostly of stone masonry. These have an aggre-
gate length of only 7 miles, Nine are between 100 and 200 feet and 14
are 200 feet or more in length. Only two are rated at less than H15
capacity.

The aggregate length of all of the 12,048 bridges on the system is
2,194,592 feet, or about 416 miles.

TuNNELS ON THE SYSTEM

There are presently 21 tunnels on the interstate system as dmilg-
nated. Thirteen of these are on rural sections of the system; eight
are on urban seclions.
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TUNNELS IN REURAL AREAS

Seven tunnels are in Pennsylvania. They range from 3,512 to
6,792 feet in length, and all provide 23 feet horizontal and 14.3 feet
vertical clearance. All are approached by four-lane divided highways,
and carried an hourly traffic of 800 to 1,000 vehicles in 1048,

e i T « e TR
The Mitehell Point tunnel on U & Route 30 in Ovegon is so narrow, and its
approsches o winding, that traffic-actuated signals were installed to operate the
tunnel one way alternately in either direction. Ewvery tunnel on the interstate
s¥slem iz in gome degree inadequate in horizontal clearance,

There are four tunnels in Oregon. These vary in length from less
than 400 feet to 827 feet, and in width from 16% to 26 feet. Their
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The remaining two tunnels in rural arbas are the 531-foot Newcastle
tunmel in Califormia, and a 394-foot” tunnel in Idaho. These have
horizontal clearances of 30 and 20 feet, respectively. The vertical
clearance of the Newcastle tunnel varies from 11% to 20.7 feet:; the
minimum vertical clearance of the tunnel in Idaho is 15 feet. Hourly
traffic in 1948 was 864 vehicles on the former and 171 on the latter,

TUNNELS IN URBAN AREAB

The Bankhead tunnel, a toll facility on U S Route 90 in Maobile, Ala.,
is 3,380 feet long and has a minimum vertical clearance of 12 feet.
Although earrying an hourly traffic in 1948 of 1,030 vehicles, and
?ppmnﬁhed at one end by a 50-foot pavement, the tunnel is only 21
eot wide,

The 540-foot Yerba Buena tunnel in California lies between the two
sections of the San Francisco-Oakland Bay toll bridge. This tunnel,
part of U7 5 Route 40, carried 7,740 vehicles hourly in 1948,  Average
daily traffic for the vear was 70,897 vehicles, j%lm tunnel has two
levels, the upper carrying six lanes of fast traffic in its 58-foot width.
Vertical clearance on this level is 13 feet at the eurb and 28.7 feet at
he center. The lower level carries two interurban railway tracks
ind has a 31-foot, three-lane pavement for trucks. This section has
1 vertical clearance of 16 feet.

The Sumner tunnel in Massachusetts is & 5,635-foot toll facility
inder Boston Harbor. Approached by 63- and 83-foot pavements,
tis only 21 feet wide and 124 feet high., Its 1948 hourly traffic was
340 vehicles,

On New Jersey State Route 25 in Jersey City there is a depressed
ichway covered over for two-thirds of its 3,000-foot length. This
amitunmel, with vertical clearance of 14% feet and horizant.n% clearance
[ 40 feet, carried 4,550 vebicles hourly in 1948,

At the west approach to the Lake Washington floating bridge in
wattle, there is a 1,466-foot twin-bore tunnel that carried 1,250
:hicles an hour in 1948,  Each of the two bores is 23} feet wide and
18 o minimum vertical clearance of 14Y feet.

Other sizable urban tunnels are the $20-foot Beaucatcher tunnel

Asheville, N. C., and the 931-foot MeCallie tunnel in Chattanooga
mn. These have horizontal clearances of 32 and 24 feet, and
inimum vertical clearances of 144 and 20 feet, respectively; their
mrly traffic in 1948 was 1,000 and 2,720 vehicles,

The smallest urban tunnel is in the town of St. George, Utah.

ss than 500 feet long, it is 21 feet wide and 13% feet high, with an
urly traffic of 585 vehicles in 1948,

Trarric VoLuMES ON THE SYSTEM

Average daily traffic varied in 1948 from less than 200 to more than
000 wvehicles on various parts of the system. The variation of
ffic density throughout the system is shown in figure 3,

MILEAGE CLASSIFIED BY TRAFFIC VOLUME
here were 359 miles on which the traffic averaged less than 400

icles daily, all but 1 mile on rural sections of the system and the
ole urban mile in a town of less than 5,000 population,
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On 3,518 miles, 36 in urban and 3482 in rural areas, the traffic
averaged between 400 and 1,000 vehicles daily. Carrying between
1,000 and 2,000 vehicles daily there were 9,496 miles, of which 229
weres urban and 9 267 miles were rural.

Traflic between 2,000 and 3,000 vehicles daily was served by 8,008
miles of the system, 381 urban and 7,717 rural; and 7,945 miles, of
which 834 were urban and 7,111 were rural, served traffic averaging
between 3,000 and 5,000 vehicles daily,

Of the sections carrying heavier volumes of traffic, 4,636 miles
carried between 5,000 and 10,000 vehicles, 1,874 miles between
10,000 and 20,000, 314 miles between 20,000 and 30,000, and 123 miles
30,000 or more vehicles daily.  Of these several traffic volume classes,
the mileage of urban and rural routes is as follows:

Acvverage daily traflic Urh::‘_mi]"' RurﬁL;I'llh'-
SO0 to 10,0040 .. 1, +34 3, o2
LI OO0t 20,000, . 1,207 Lo
20,0040 ta 30000 oL b}
A0 ar meare. el 1ig | i
Total, 5000 ar mane: _ 2 [ X, Hoi

&

In the entire extent of the system there are 1,437 miles, all urban, on
which the volume of traffic has not been determined,

SURFACE TYPES AND TRAFFIC VOLUME GENERALLY CONBSISTENT

The types of surfaces existing on the system are generally consistent
with the volume of traffic. Of the 144 miles of low-type surfaces,
73 miles are on roads traveled by less than 1,000 vehicles daily,
Of the 4,990 miles of intermediate-lype surfacing, 3,930 miles carry
between 400 and 3,000 vehicles daily; and of the 32,642 miles of high-
type surface, 29,155 miles are known to earry traffic greater than
1,000 vehicles daily.

(M the 6,947 miles known to earry traffic of 5,000 or more vehicles
daily, 6,744 miles are improved with high-type surfaces, and only 200
miles have intermediate-type surfaces: most of the 3-mile remainder
15 temporarily unsurfaced,

But while there is this general consistency between surface 1.3r|1:~.
and trafhic volume, inconsistencies are not lacking, For example,
there are 33 miles of the system, careying more than 3,000 vehicles
daily, that have only a gravel surface; there are 29 miles thal are
surfaced with intermediate-type surfaces though their traffic exceeds
10,000 vehicles daily; and there are 119 miles improved with high-type
pavements that serve traffic of less than 400 vehicles daily,

INCONBISTENCIES OF TRATFIC VOLUME AND SURFACE WIDTH

It is in the relation of surface width and traffic volume, however,
that the greater inconsistencies appear. On rural seclions of the
syetern there are 888 miles of 2-lane surfaces that carried 200 or
more vehicles hourly in 1945, Of these, 72 miles are surfaced less
than 20 feet wide. In contrast with the grossly inadequate widths of
these sections, there are 50 miles of the rural system which, though
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they carried less than 300 vehicles an hour, are nevertheless improved
as divided, multiple-lane highway; and besides these wide divided
highways, there are 18 miiles of undivided four-lane highway, 152 miles
of three-lane, and 3,130 miles of two-lane highway 24 or more feet
wide that also carried an hourly traffic of less than 300 vehicles.

. The extreme of inndequate width on urban sections of the system
i1s represented by 372 miles of streets less than 22 feet wide, in cities

Fhete by Misissippi Highway Department

This iz not 4 one-way road. Beeauze the pavement on this causewsy on Us
Route 90 in Mississippi was Inadequate in width and the shoulders too soft
and narrow, the truck at the left sank deep into the ground when its wheels
went off the pavement. Following traffio had to use the wrong lane to phes.

Only 17 pereent of the rural mileage of the interstate syvetem is adequate in
both surface and shoulder width.

of 5,000 population or more, of which 252 miles are known to have
carried more than 300 vehicles an hour.

Farar Accipents ano DeaTas

The State highway departments reported 3,603 latal aceidents
known to have acrnrrad nn rasde and etraata anmetitibirm tha deaelie
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nated interstate system in a l-year period, generally the ealendar
year 1947, The actual occurrence of fatal accidents was probably
somewhat greater, because there are substantial parts of the urban
system for which accident data were unobtainable. :

For the 31,831-mile rural part of the system the report of aceidents
is believed to be substantially complete, and the reports indieate that

Tulsa Man Bleeds
To Death as His
Car Hits Bridge

STATE TRAFFIC DEATHS
1549 ta dafe, 125; April, 1.
194k to date, I04; April, 0,

MUSKOGEE, Aprll I1—(f=James
E. Whallace, 47, Tubss, was killed Fri=-
day ndght when the car he was drive
Ing crashed inte tha Tllinals river
bridge on U, 8, 84 between Core and
Wian, the highway patrols reported.

Two men with Wallace=Meryl
Shanks and Peul Templeton, both of
Webbers Falls—wire not hurt, neoord-
Ing ta Patrolman R, T. Cramer who
Investigated the accldent.

Cramer said Wallace's car falled to
mnke & curve nearlng the west end of
tha bridge ands rammed 1. Tha
Tulsan's shoulder artery was cub and
b bled to death shortly before reach=
Ing & Muskoges hospital,

Fhoto by Oklnhama Highway Commision

The news story only tells how James Wallace was killed, not why. The af—
proach road runs along the bank of the river on the far side, and swings sharply
onto the narrow bridge. Improvement of the interstate system might prevent
almoat 1,200 accldents and save more than 1,400 lives each year, on the rural
sections alone,
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there were 2,850 fatal accidents on this rural mileage. These accidents
took 3,460 lives,
.* ACCIDENT RATES

The average rate of fatal accident occurrence on rural sections of
the designated interstate highway system was 9.04 per hundred
million vehicle-miles. This may be compared with an approximate
rate of 9.11 fatal accidents reported for all rural highways in the
[United States in 1947, However, the aceidents on the rural interstate
system resulted in fatalities at the rate of 10.94 per hundred million
vehicle-miles, whereas the corresponding rate for all rural roads, at
10.66, was slightly lower,

It is apparent that the rural interstate system, in its present state
of improvement, is about as safe as, but certainly no safer than, the
average of all rural roads, and since its traffic is far above the average
in wl:ﬁ]mv, it accounts for an exceptionally large proportion of iﬁn
annual highway death toll.

RELATION OF ACCIDENT RATES TO LANE WIDTH

On the system as it is presently improved, the fatal accident rate
for all two-lane sections was 9,19 per hundred million vehicle-miles.
On all three-lane sections, the corresponding rate was 9.08; on undi-
vided four-lane sections, it was 9.41; and on all divided multiple-lane
sections, it was 7.65. The superiority of the divided sections from
the standpoint of safety is rather marked; the apparently anomalous
rate for the three-lane sections possibly results from the fact that these
sectiona carry traffic which in relation to their width iz somewhat
lower than the similar relation on the existing two-lane roads.

Even the more gratifying rate shown for tﬁc existing divided high-
ways is not as low as it might have been had many of these sections
hl__-:_:]ulnmre adequately designed in respect to elements other than their
width.

REDUCTION OF ACCIDENTS THROUGH IMPROVEMENT

What a really adequate improvement of the entire system would do
to reduce the fatality toll as it stands at present is, of course, a matter
of speculation. Some measure of the possibility may be gained from
tha lower necident rate recorded for portions of the system deemed
adequate in their present condition.  Of 1,900 miles of the rural system
on which this report indicates that no improvement is required, the
rate of fatal accidents, known for 1,689 miles, was only 565 per
hundred million vehicle-miles. Had all parts of the system—its two-,
three-, and four-lane sections, divided and undivided—had an aceident
experience as low in rate as these 1,689 miles requiring no improvement,
the fatal accident rate for the whole rural system would have been
5.35 per hundred million vehicle-miles, a reduction of 40.8 percent
from the actual rate of 5.04,

At the lower rate there would have been 1,167 fewer accidents and
more than 1,400 lives would have been saved in 1 year on the rural
sections of the system only.

Arrratsan oF Current CoxnprTions anp DeFicieNcies

The condition of the exisLinﬁ roads constituting the system having
been determined in detail by the several State highway departments.
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the deficiencies existing were appraised by applying to the determined
condifions uniform standards relating to each significant element of
design.

ESTABLISHMENT OF STANDARDS

The standards to be applied were previously agreed upon by the
Public Roads Administration and a committes of State highway
officials a,plpmnted by the American Association of State Highway
Officials. In general, the standards agreed upon are idrm.ticsmilg with
those adopted by the associntion August 1, 1945, to govern the design
of highways included in the interstate system. In certain respacts,
however, it was necessary to define more exactly the previously agreed
standards in order to facilitate their uniform application for the pur-
poses of this report.

T]?EIS[alldll[‘f]s_ adopted by the association in 1945 contemplate the

provision of design adequate for the service of traffic as it may be
expected to develop in a period of 20 years subsequent to the con-
struction of ench section of the system as it iz improved. This neces-
sitates an estimate of future traffic growth which can be undertaken
with reasonable assurance only in the light of specific consideration
of the potentialities of each section of the system.
. Tor the purposes of this report such specific consideration has been
impracticable. The standards have therefore been applied to all
sections of the system in relation to their traffic in 1948, Appraisal
of the deficiencies of the existing roads and bridres has been hased
upon the actual 1948 traffic as reported. The improvements con-
templated to eliminate the determined deficiencies, which improve-
ments form the basis of the cost estimates reported, have been planned
to serve with adequacy the traffie which it is judged would have used
ench section of the system, had it been so improved in 1945,

THE STANDATRDS APPLIED

The principal standards so applied, both for the determination of
deficiencies and the estimation of costs of required improvements,
are briefly deseribed here.

Traffic basis

The design shall be such as to accommodate traffic density of the

thirtieth highest hour of 1943,
Design speed
Design speed shall be in accordunce with the following:

|
| Bliles per hour

i Minimum | Desirable

For raral sections of tho system

Flal topegruphy. e i1} 0
LT ] Ca T I e " o] b N SO L e S N 51 1}
Mountainons topography. . 3k 40 o1}
Fow urban sections of the symbam_ . ol eeeeeeEes oo e e e ] il
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Curonture ¥
Clurvature shall be related to design speed as follows:

Dregree of curvalurs
Degign speed
Maximum | Desirable

T miles per haur. ... ...

B miles per howar. X E

Sk andles e ROWr . ..o e A
T e T o e e e

e
g

Stopping sight distance
Applicable to ull sections, the road surface ahead shall be visible for
distances varying with the design speed as follows:

Iraslgn speed gjﬁﬂgﬁcﬁlﬁﬁ

Tomibes perbour. ..o E e e e
e T T e o e L e e g ol e e e ATH
o G e ey st e i O s PP e T g e g R L R e A5

Passing sight distance

Applicable to two-lane sections only, the following criteria are to
be ﬂﬁsnrvcd:

1. In any 6,000 feet of roadway length, the road surface shall be
visible for at least 1,500 feet ahead on & roadway length of at least
1,000 feat.

2. The minimum percentage of the length of roadway on which the
road surface is visible 1,500 feet ahead shall vary with the density of
two-direction traffic in the thirtieth highest hour, as follows:

| Pevcentage of road-
way length with
1 Gt wisibil-
ity of suriace
ahn)

Thirtieth highest howr, tee-direction tepflic

Less than 500 vehiole. .

SO0-100 vahlcbes . &l
G00-7IN1 vehicles. il
TOk-B0 vehlobes. il
Gradient

Maximum gradient preferably shall not exceed 5 percent, and in
no case shall exceed 6 percent.
Supporting strength

The strength of the road surfaces and foundations shall be adequate
for the support of 18 000-pound axle loads in the frequency to be
expected.
Hight-of-way _

Right-of-way width for two-lane rural highways shall preferably be
200 feet, with a minimum of 120 feet. For four-lane rural highways,
250 feet is desirable and 150 feet minimum.
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For urban highways, right-of-way width will be determined by
eCONOmIce ft':l,alhiﬁt-_}'.
Control of wecess
Control of access shall be provided where State laws permit and
x-.-h:*.n_} traffic conditions warrant. Where required, in the absence of
permissive State laws, additional right-of-way should be provided
suflicient for the construction of frontage roads with controlled access
to the through highway,
Lasie width
_For two-lane rural highways on which traffic density in the thirtieth
!Illghf_-.slt- hour 15 ]E‘HS than 200 vehicles in one direction or 300 in both
directions, & minimum lane width of 11 fect is required. For two-lane
rural highways of thirtieth-highest-hour traffic density greater than
the abaove, lane widih shall he 12 feet.
For rural highways of four or more lanes, lane width shall be 12 fzet,
For all wrban highways lane width shall be 12 feat.
Dhiided highaooys
_Divided roadways are required on all ljii:{hwa}rs on which the two-
direction traffic volume wits 800 or more vehicles in the thirtieth high-
est hour of 1048,  Division may be provided on highways of lesser
traffic volume where such provision is less costly than the provision
of the required passing sight distance for single two-lane roadways.
The width of median strip on divided highways shall be as follows:

l Width in feet
|

| Minimum | Tregirable

Rural kighways. . 14
Urban highwuys. . e | 4

4
12

Three-lane haghways
Three-lane hichways are not permissible,
Showlder width
In mountainous areas shoulder width shall be & minimum of 4 feet,

and elsewhere a minimum of 10 feet, measured to the intersection of
shoulder and side-slope planes.
Ruailroad grade separations
Separalion of grades shall be provided at all railroad crossings of
two or more main-line tracks, and at all crossings of single main-line
Lracks on which there arve six or more regular train movements daily.
Although by the agreed standards separations are required to De
provided at crossings of single main-line tracks of five or less train
movements daily OI:T}' where justified by economic analysis, they were,
for purposes of the cost estimate prepared for this report, provided ot
all such crossings.

Highway grode separations

Separation of grades is to be provided at all highway intersections
where the sum of the two-direction traffic volumes on the intersecting
roads in the thirtieth highest hour of 1948 was 2,000 vehicles or more,
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and the lowest volume on any of the roads intersecting was af least
500 vehicles in the same hour,
Bridges “og
All bridges shall be of steel, reinforeed conerete, or masomy con-
struction, and designed for H20-516 design loading. Bridges include
all structures of a length between abutments greater than 20 feet.
Clear height shall be at least 14 feet over the entire width of traffic
lanes and at least 12% feet over the effective shoulder width.

The four-lane undivided pavement on this bypass of U 8 Route 101 in California
waa an attempt to cope with mounting traffie volume, The present 20,000
vehieles a day are far beyond the road's practical capacity, and lack of aceess
control prevents free-flowing movement.  About 1,350 miles of the interatate
gystem now surfaced with three or more lanes undivided should be rebuilt as
multilane divided highways.

Clear width of bridges of a length of 80 feet or less between abut-
ments shall be equal to the full width of the approach roadway in-
cluding shoulders.

On bridges of a length greater than 80 feet between abutments, the
width between the edge of the pavement and face of curb shall be at
least 2 foet and preferably 3 feet. The face of the rail shall be in all
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cases at least 3} feet and preferably 4% feet outside the edge of the
pavement.,

Sidewalks shall be provided on bridges wherever the volume of
pedestrian traffic justifies.

At underpasses, the lateral clearance between the right edge of the
pavement of through-traffic lanes and abutments, walls, or piers shall
be at least 6 feet. The lateral clearance between the left edge of the
pavement and center piers shall be at lenst 43 feet.

Dericiencies or Exisring Rosps ann Brinens

When the various conditions existing on the roads, streets, and
bridges which presently constitute the desicnated interstate gyslem
are compared with the foregoing defined standards, it is found that a
very large mileage of the roads and streets and most of the existing
bridges are in some respects inadequate,

MUCH TMPREOVEMENT NERDRD

Of the 31,831 miles of roads in rural areas some improvement is
requived on all but 1,900 miles. Of the 5960 miles of roads and
streets in urban areas all but 398 miles require some improvement.
Of the 10,050 bridges carrying rural sections of the system only 483
are completely adequate hy the defined standards.  The degree of
the deficiency of roads and struetures in some measure inadequate
varies widely, from slight to serious.

SURFACE TYPE DEFICIENCIES

The choice of surface types on the system is reasonably consistent
with the volume of traffic carried by the various sections.

Low-type surfaces

The 24 miles unsurfaced and 144 miles surfaced with low-type
surfaces are, of course, clearly deficient. A substantial part of these
mileages carries traffic in excess of 2,000 vehicles a day. But even
on the sections of somewhat lighter traffic, considering that they are
part of the country's major network, low-type surfaces are out of
place.

Intermediate-type surfoces

The existing surfaces of intermediate type, found on 4,990 miles
of the system, are mostly on sections of 1‘[*113[i1?|‘!}' low traflic volume.

Only about 91 miles, or ahout 2 percent, of the total of 4,573 miles
of rural roads surfaced with pavement of intermediate type carry as
many as 5000 vehicles per day. Only 568 rural miles, about 12
percent of the total, carry 3,000 or more vehicles o day.  The choice
of surfuce for the 91 miles may be seriously questioned ; the additional
477 miles carrying traffic between 3,000 and 5,000 vehicles per day
may be said to border upon inadequacy,

The situation in the urban areas is less [avorable. Of the total of
417 miles of urban seetions paved with intermediate types of surface,
26 percent carry traffic of 5,000 vehicles or more daily: 48 percent
carry 3,000 or more vehicles a day.

Of the 93 miles with traffic between 3,000 and 5,000 vehicles daily,
27 miles are in towns of more than 5,000 population, At least this
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mileage and the 109 miles {-nn'-y':ng upward of 5,000 vehicles daily are
of doubtful adequacy.

High-type surfaces :
The bulk of the system, 5,538 miles in urban areas and 27,104 miles

in rural areas, is paved with high-type surfaces. On the whole, the

choice of pavement type as represented in the existing improvements

on the system is appropriate.

Other factors .
But a mere classification of surface types does not clearly establish

the struetural sufficiency of the existing surfaces, Many miles of
the surfacing of appropriate type are doubtless of insufficient depth,

; ity i ri N i r aceide Iy on
Overtaxed capacity and inadequate width JLi;lllli- in many ﬂt-il-lt]L[lL’i annually
bridges in urban areas, such as this one on 115 Route 1 in Washington, D. C.

and the foundation support of a large mileage is probably untrusi-
worthy. The survey thal has been made could not, in the limited
time available, definitely establish the facts in this regard.

Age of surfaces .

The age of the surfaces, previously me]_lt.iumul. is the best available
indication of the probability of a considerable measure of surface
inadequacy. The average age of the rural surfaces of all types is
12 vears: the average age of roadways on which they are laid i1s 17
years. Much of the mﬁenge ig, of course, of greater age than these
AVerages. y ; : y

The age of the rural mileage by 10-year groups is shown graphically
in fizure 4. As this graph al=o indicates, about 57 percent of the exist-
ing surfaces will probably wear out and require replacement in the
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next 10 years, This projeetion is based upon a knowledge of the life
span of surfaces of all types, gained from o wide study of past surface
replacement, and takes into account all of the conditions that eon-
tribute to retirement, of which physical deterioration is only one,
The same basis underlies the prediction that about 52 percent of the
high-Lype pavements on the system will require replacement by 1959,
and that 85 percent of the intermediate-type surfaces and 93 percent
of the low-type surfaces will be retired 1n the same 10-vear period.

NATE OF FUTURE IMPROVEMENT

If surfaces ol the system are retived in the future at o rate no greater
than that of the past, all but the newest and most durable of the
now existing surfaces will be replaced in the next 20 years, In view
of the more pressing demand for eorrection of obsolescence already
felt and likely Lo inerease in urgency in future years, this is a conserva-
tive prediction; but it may serve to sel a maximum limit upon the time
in which all of the presently recognized deficiencies of the interstate
syatem should be corrected.  As the present surfaces are replaced, at
least, if at no faster rate, the widths, alinements, sight distances,

ades, and all other features of the roules of the system should be

mu%i'ﬂ: to the standards recommended in this report az desirable,
The building of new surfaces on these routes at any time hereafter
without at the same time correcting the serious geometrie defects that
exist, will be an indefensible prolongation of ohsolescence,

DEFICIENCY OF SURFACE AND BHOULDER WIDTH

The present inadequacy of surface width is a much more serious
deficieney of the system than the inadequacy of surface type. More
than tweo-thirds of the rural mileage has surfaces that are too narrow.

Substondard widihe on rural roads

The minimum surface width complying with the defined standards
under any conditions is 22 feet, and this applies only where the hourly
traflic is less than 300 vehicles., The existing surface width is less
than 22 feet on 17,746 miles of the system in rural areas, which is
more than 55 [{mrrxml:. of the total rural mileage, These are not all
lightly traveled roads, The hourly traffic volume is less than 300 on
only about 9,868 miles of these narrow roads, and iz 300 or more
vehicles on the remaining 7,878 miles. In fact, about 800 miles of
these rural roads with surflaces less than 22 feet wide have hourly
traffic volumes of 800 or more vehieles and should be improved as
four-lane divided highways.

Surface width of 24 feet is required by the standards for traffic
volumes of 300 to S00 wvehicles an hour; and multiple-lane divided
roads are required for volumes of 800 vehicles or more—four 12-foot
lanes for traffic from 800 to 3,000 vehicles, and six lanes for traffic of
3,000 vehicles or more,  Three-lane roads and undivided highways of
four lanes or more are not desirable and have no place in the standards;
however, for hourly trallic volumes of less than 800 wvehicles, where
two lanes would suffice, they are considersd adequate,

Multiple-lane roads needed
On the basiz of these standards and the already experienced traffic
of 1948, there is & total of about 9,250 miles of the two-lane rural

MILES IN SERVICE-THOUSANDS
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roads that should be widened to 24 feet to serve their traffic properly.
There are also about 875 miles of two-lane roads that should be con-
verted to four-lane divided highways; about 1,350 miles now surfaced
with three or more lanes undivided which should be rebuilt as multiple-
lane divided roads; and there are more than 450 miles of divided
highways on which the traffic lanes are presently of inadequate width.
Showlder width

Except in mountainous areas, the defined standards call for shoulder
widih of 10 feet, measured to the intersection of shoulder and side-
slope planes.  This is equivalent o an effective shoulder width of
ahout 8 feet. In mountainons arens the standards eall for an effoeiive

More than 71 percent. of the rural mileage of the interstate system—22, 684 milos—
1T's without S-foot minimum width shoulders, auch g3 these on U 8 Route 87 in
axas.

shoulder not less than 4 feel wide, Shoulders effectively 8 feet wide
are needed to provide an exlra emergeney lane into which to turn to
avoid a collision. They are needed also as an area in which to stop
for the changing of lires or the making of other BIETEENCY Fepairs,
and for other similar purposes related to highway safety and the
avoidance of obstruction of free traffic flow. Maore than 71 percent
of the rural mileage of the system, 22,684 miles, is without shoulders
as wide as 8 feet. On this mileage, parked vehicles must necessarily
encroach to a greater or less extent on a traffic lane.

Nearly 6,700 miles have no shoulder as wide as 4 feet, the minimum
allowed by the standards in mountainous areas. Since only 1,949
miles of the rural system are in areas classed as mountainous, it is
apparent that much of this gross shoulder inadequacy bhas no such
justification of exceptional terrain.
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Deficiencies of both pavement and shoulder width . :
Approximately half of the rural mﬂ“ﬁl&. of the system is deficient
in both shoulder and surface width, On this mileage, surfaces already
o0 narrow are further constricted whenever a vehicle has to stop for
any reason along the way. _ 4
Of the entire rural mileage, 5,500 miles at most are adequate in
both surface and shoulder width,

Urban width deficiencies .

Streets in urban areas should have greater paved widths than rural
ronds beeause of the general absence of shoulders and greater frequency
of parking. It is, therefors, a startling commentary upon the width

About 875 miles of two-lane rural roads on the interstate system should be con.
verted to four-lane divided highways like this one In Maryland.

of the urban interstate system mileage to find that 2,391 of the 4,141
urban miles for which complete data are available are inadequate n
paved width even by the rural road standard.

DEFICIENCY OF CURVATURE

Um rural sections of the system there are 3,199 curves of more than
14 degrees, the maximum recognized by the standards as permis-
gible in mountainous areas, and more than half of them are in areas
classed as flat or rolling. . el

There are 15,115 curves, or approximately one every 2 miles on Eéhu
average, that are sharper than the standard specified as dcsu'a‘lh{;z or
the type of terrain in which they are located. Of those, 11,182 are
sharper than the maximum prescribed by the standards for the dg—
sirable design speed; and 6,473 are sharper than the maximum per-
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missible for the minimum design speed suggested for such class of
terrain.
DEFICIENCY OF GRADIENT

The standards preseribe an absolute maximum of 6 percent for
grades on the system. There are 668 grades that exceed this limit,
560 on rural, and 108 on urban sections of the system, The aggre-
gate length of these excessive grades iz 243 miles, of which about 28
milez are in urban areas,

Frades of 8 1o & percent

While grades up to 6 percent are permitted by the standards, any
grade over 3 percent, if it is long enough, will slow heavy trucks to
a speed at which they become annoyingly obstructive of the free flow
of lighter traffic. If, under these conditions, the pavement is of two
lanes, and especially if passing sight distance is unduly restricted, the
obstruction of the heavier vetic!ns may become dangerous as well as
annoying.

Under these conditions a remedy is desirable, and it may be applied
by reduction of the pgrade to a maximum of 3 percent, or by the
construction of additional lanes on both sides of the highway, or by
the construetion of an added lane for slow-moving trucks on the
uphill side for at least the distance in which they will be undesirably
reduced in speed.

On rural sections of the system there are 5430 grades of 6 percent
or less but more than 3 percent. They ageregate about 2 350 miles
in length. Of these, 5018 grades, totaling about 2,180 miles, are on
two-lane or three-lane highways; the remainder are on multilane
highways of adequate Hlllji‘ inadequate width.

Widening needed on grades

Mozt of theze grades between 3 and 6 pereent in steepness are short
enough, or exist on roadways wide enough, or for other reasons are
acceptable, so that no improvement is required for the correetion of
a grade deficiency. But 916 of them, totaling more than 400 miles
in length, should be widened in some way to abate the nuisance of
slow-moving trucks. Of these instances, 502 are on two-lane roads
that should be widened on the uphill side for an aggregate distance of
about 300 miles by the addition of a truck lane; 284 are on two- and
three-lane highways for a total length of 114 miles that require
widening to four lanes; and 40 are on multilane highways that require
widening., There are only 21 miles in the last category.

Steeper grades

In addition to the above widening necessitated on grades of less than
fi percent, a similar treatment is required on 65 of the grades of 6 per-
cent or more, involving the desirable widening of 26 miles, most of
which is now two or three lanes wide.

DEFICIENCY OF SIGHT DIBTANCE

Stfe stopping distance

Within the 31,831 miles of the rural system there are 21,028 sections,
totaling 2,087 miles in length—nearly 7 percent of the total mileage—
on which sight dizlance sufficient to permit sale stopping is not avail-
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able. All but 1,625 of these sections are on either two- or three-lane
roads. The 1,625 sections on multilane highways tota:l 161 miles in
length; the two- and three-lane mileage involved is 1,926.

Safe and satisfactory operation on these sections can, in some cases,
be provided by the removal of view obstructions such as trees, cut-
slopes, and nearby buildings; but in the glreat. majority the nln}emen?
or profile of the road, or both, must be changed to flatten horizonta
or vertical curves,

’ P Nl e
Photo by Oregon State Highway Commission

Jane U 8 Ttoute 99 in Oregon, carrying 2,150 vehicles a day, crossed
Tlﬁig“rﬁnuntain pass with grades of B percent on pach zide gl‘ the summit. Tre-
mendous exeavation would have been required to provide adequate passing
sight distance, so the State widened the section over the summit to four lanes

instead,

Safe passing distance and essential capacity

Passing sight distance is required only on two-way roadways of two
and three lanes. Of these categories, on the rural system, there are
29 287 miles, including about 11 miles "that are unsurfaced; [l.lld of
this total, passing Bigﬁt distance is undesirably restricted on 7,324
miles or about 25 percent.
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Of the 7,324 miles, 3,968 miles carried an hourly traffic of lezs than
500 vehicles in 1948, Roads that carried traffic in excess of 800
vehieles hourly aggregate 1,456 miles. The remainder, 1,900 miles, is
on roads that carried traflic of between 500 and 800 vehicles an hour,
Correction of deficiencies

Correction of these passing-sight-distance deficiencies can be accom-
plished in three ways, as follows:

1. By improving the alinement and profile of the existing highway.
This may involve the relocation of short sections where horizontal
curves cause the restriction; or it may necessitate additional excava-
tion at the summit of grades where the restriction is caused by short
vertical curvature. '

2. By constructing another highway that will meet the required
standards on a new location.

3. By construeting an additional two-lane highway, which with the
exizting highway u.-"[l?fnrn'. a divided four-lane highway, on which sight
distance of the extent required for safe passing on two- and three-lane
roads is noft needed.

Of these three means the choice of the most feasible depends on such
conditions as the relative adequacy of the surface and other features of
the existing road and the present and estimated future traffic.
Conversion lo fowr-lane divided highways

The expenditure of nny substantial sum for the lengthening of sight
distance on the 1,456 miles that carried hourly traffic of 800 vehicles
or more will be wasteful. These roads should be promptly trans-
formed into four-lane divided highways.

Correction of sight-distance deficiencies on the 1,900 miles carrying
500 to 800 vehicles hourly will penerally require extensive relocation
to develop the alinement needed to provide the sight distance neces-
sary for these roads as two- and three-lane highways. The traffic
on these roads is increasing, and in the not distant future may be
expected to reach volumes requiring the capacity of divided four-lane
highways, When this is done the extended sight distance will not be
required.  For this reason, the more feasible and perhaps less costly
correction in the case of a high percentage of the roads carrying
between 500 and 800 vehicles hourly would appear to be early replace-
ment of the existing two- and three-lane roads with four lanes, divided,

Likewize, it may be more feasible to reconstruct to four lanes some
of the 3 968 miles now carrying less than 500 vehicles per hour, espe-
cinlly those sections in rough terrain where extenzive work would be
required to lengthen the sight distance to the required standards.

DEFICIENCY OF INTERSECTION WITH RAILROADS

The defined standards require elimination of all grade crossings of
railroads consisting of two or more main-line tracks, and of all crossings

of single-track lines on which there are six or more train movements

daily,

The 218 remaining erossings of the first category and 542 of the
second, a total of 760 crossings, are definitely of sufficient hazard to
warrant their climination.

The need for elimination of the remaining 502 grade erossings of
single main-line tracks carrying less than six daily train movements and
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of the 785 crossings of sidings and spur tracks can be determined only
by a careful analysis in each case, giving proper weight to traffic hazard
and delay and inconvenienece, - o
Of the 760 grade crossings that definitely should be eliminated, 574
are on urban sections of the system, Only 186 are on rural sections,
When these fizures are compared with the 1,051 urban and 1,013 rural

g AT W r
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Eliminaticns of main-line railroad grade erossings in urban aress often requires
pxtensive construction, as is evident in this sketeh of a proposed treatment on
I 8 Route 40 in Ohijo.

F (r.-

crossings that already have heen separaled by the construction of
underpass or overpass structures, it is apparent that the work of grade-
crossing elimination to date has been much more thorough on the rural
than on the urban sections of the system.

DEFICIENCY OF INTEREECTIONS WITH OTHER HIGHWAYS

There are 118 intersections of rural routes of the designated system
with other highways at which the combined hourly traffic on the inter-
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secting ronds exceeded 2,000 vehicles in 1048, with at least 500 vehicl

= . . L ? 4 A 23
on the intersecling road of least traffic density. Under these condi-
tions the standards require separation of the grades of the intersecting
roads by the construction of overpass or underpass bridges.

In rural areas

It is ap'pﬂ.renf, that the need for thiz type of improvement on rural
sections of the j}r:}t.crrﬁ 12 1ot great, and it 1s encouraging to compare the
remaimng need of only 118 structures with the 341 simil : -
rations uﬁead}r existing. IR e

I'n wurban areas

~Itisin the urban areas, howsver, vhere the greatest need for separa-

tion of prade intersection with other streets or highways will exist
This will usually be aceomplished by the elevation or depression of the
interstate h:ghw_u}f for considerable distances. Application of the
traffic-volume criterion to the heavy volumes normally present at city
mbersections would require this in‘any case, but even where, at par-
ticular streel intersections, the eross movement may be less than 500
vehicles per hour, the need for greater freedom of flow on the heavy-
traflic interstate route is such as to require elimination of the grade
intersections anyhow, and in this case H-uz desired end will usually he
attained by closure of the unimportant cross streets and diversion
of their traffic to nearby separated intersections.

Improvement other than separation

It should be added here, that while on rural sections of the syatem
no great need is found for further separation of highway grade inter-
sections, there is widespread need for the improvement of intersections
by other means, such as the lengthening of sight distance, the construe-
tion of deceleration and ncceleration lanes on the interstate }li'-'l.h'l.’l‘l.j.f
and the construction of channelizing islands to regularize in Lt*:fwt‘.lin;:;
traffic movements, 2 . f

DEFICIENCY OF BRIDGES AND TUNNELS

Deficiency of bridge load capacity

The extent of bridge insufficiency has already been generally indi-
cated in the foregoing description of the existing bridges. The de-
ﬁr:ccl sbugn:lauis call for load eapacity equivalent to that provided by
H20-516 design. The weighing of vehicles now using routes of the
?:[T:;SLEH; hﬂ"f:l""!'”“'“ 1ic:ﬁ1n_ite_1y1bljlut this standard is none too hich for

rimal civil usage, and it is definitely requi i icipation ol
s militers neEds. tely required in anticipation of pos-

When, at all wlmghmé; points, the average weight of all maximum
loads occurring with a frequency of at least once dailv is found to be
30 tons, and at frequent points throughout the system onee-daily-loads
reach maxima averaging nearly 62 tons, it is o parent that bridges
safely designed for the 36-ton gross vehiels weight on a 28-foot wheel
base that is accommodaled by the H20-316 design are & necessity on
the system. :

On the entire system there are at present only 1,607 bridges of
H20-316 design or rating, of which 1,388 are in rural areas and 319 in
url.mn areas. All other bridges on the system, 8,662 in rura! areas and
1,779 in urban areas, are deficient in some degree in load-carrying
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capacity by the standard adopted. The deficiency is slight in respect
to 2,207 bridges, 1,444 on rural sections of the system and 763 on
urban sections, which are rated as of H20 design.  All other existing
bridges are of definitély inferior strength for the interstate system.
The numbers thus deficient are 7,218 in rural areas and 1,016 on urban
sections of the system.

Zeriously inadequate in load-carrying capacity are 677 bridges on the interstate
systems, This one on U 5 Route 25 in Kentueky, old and too narrow, had one
apan completely wrecked when an Army truck hit the end post. Some 8,234
bridges on the system fail to meet the interstate standards for load capacity,

Deficiency of bridge elearance

But it is not alone in carrying capacity that the existing bridges are
deficient. They are more seriously deficient in horizontal clearance
and to some degree in the vertical clearance they provide.

None of the H20-516 bridges, in either rural or urban areas, is
deficient in vertical clearance. However, there are 905 of the bridges
of thizs standard capacity in rural areas that are in some degree
inadequate in horizontal clearance, Of these, 627 are substantially
inadequate; the remainder are only moderately inadequate.
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Of the H20 bridges, 18 in rural areas and 4 in urban areas are defi-
cient in vertical clearance; and 1,084 of the bridges of this capacity in
rural areas are inadequate in horizontal clearance, 222 of them only
moderately so.

It is impossible to rate the adequacy of horizontal clearance for
many bridges in urban areas because of uncertainty as to the hourly
traffic volume they carried. It is helieved that nearly all existing
H20-516 bridges in urban areas are of substantially adequate hori-
zontal clearance., However, more than half of the urban bridges of
H20 capacity are seriously inadequate in width.

Of the bridges of capacity inferior to H20, only 53 in rural areas and
10 in urban areas are deficient in vertical clearance. But these
bridges, deficient in lond-carrving capacity, are also generally deficient
in horizontal clearance. Of 7,218 such bridges in rural areas 6,198 are
thus deficient, 5,181 of them substantially so,

Deficieney of tunnel elearance

Of the 13 rural tunnels all but one are substantially adequate in
vertical clearance, but all are in some degree inadequate in horizontal
clearnnce,

Of the eight tunnels in urban areas, three are deficient in vertical
clearance and all are inadequate in horizontal clearance.

Caanacrer anp CosT oF REqQuikep IMPROVEMENTS OF THE SYSTEM

In the light of the conditions found by the survey to exist on the
roads and bridges now constituting the designated interstate highway
system, and in consideration of the standards agreed upon as neces-
sary for adequate service of the 1948 traffic on the system, the
several State lhip;ln.vuy departments were asked to determine the kind
of improvement that would be required to bring the entire system up
to a desirable degree of adequacy, as ol the present time, and to esti-
mate the cost of so doing.

As a result of this analysis only 1,900 miles of the system in rural
areas and 308 miles in urban areas, as they prezently exist, are found
to require no improvement. The mileage here classified as urban in-
cludes 88 miles in towns of less than 5,000 population. For purposes
of the estimate of costs of required improvements, only those sections
of the system included within the limits of the urban areas of cities of
5,000 population and more, as defined by the Federal-aid Highway
Act of 1944, have been classified as urban. On this basis, the mileage
requiring no improvement is 1,998 miles rural and 300 miles urban,
a total of 2,298 miles, or about 6 percent of the system as it now exists,

CHARACTER OF ROAD IMPROVEMENT REQUIRED

All other parts of the system are found to require some measure
of improvement. The essential improvement of 8,687 miles, about
23 percent of the system as it now exists, consists of widening only.
Of this total, 8306 miles are rural, 381 urban.

Improvements classified as reconstruction, which can be effected
with no more than minor relocation of the existing roads, are required

on 14,283 miles, nearly 38 percent of the existing total mileage. Of

these roads 13,467 miles are in rural areas and 816 miles in urhan areas.
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The most extensive change, improvement which requires ~c:i:unpnlfﬁﬁ
departure from existing alinement and relocation, is required on the
remaining one-third of the system as it now exists.
mileage of the relocated roads is 11,801,

The estimated
which is less than the length

o f Ll
Photo by Tesas State Highway Department
Maore than 2,000 miles of the urban portions of the interstate system will have to

be relocated, in many cases as controlled-aecess freewny with frontage roads
auch s the Central Boulevard in Dallas, Tex.

of the existing roads by 641 miles; and the total length nf _fh.-lwrs.yﬁt.%ln.,
37,800 miles at present, is shortened by this amount to 37,159 mi ea-.i.
Of the 11,891 miles of relocated highways, 9,867 are in rural areas anc

2,024 in urban_areas.
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Of the H20 bridges, 18 in rural areas and 4 in urban areas are defi-
cient in vertical elearance; and 1,084 of the bridges of this eapacity in
rural areas are inadequate in horizontal clearance, 222 of them only
moderately so.

It is impossible to rate the adequacy of horizontal clearance for
many bridges in urban areas beeanse of uncertainty as to the hourly
trafhe volume they carried. It is believed that nearly all existing
H20-516 bridges in urban areas are of substantially adequate hori-
zontal clearanee. However, more than half of the urban bridges of
H20 capacity are seriously inadequate in width.

Of the bridges of eapacity inferior to H20, only 53 in rural areas and
10 in urban aress are deficient in vertical clearance. But these
bridges, deficient in lond-carrying capacity, are also generally deficient
in horizontal clearance. Of 7,218 such bridges in rural areas 6,198 are
thus deficient, 5,181 of them substantially so,

Deficiency af tunnel clearance -

Of the 13 rural tunnels all but one are substantially adequate in
vertical ¢learance, but all are in some degree inadequate in horizontal
clearance.

Of the eight tunnels in urban areas, three are deficient in vertical
clearance and all are inadequate in horizontal clearance.

1'-.J-‘-J'II.'|.I1".."|.I:;'I'F.-II: anp Cost OF ]{T-‘.{',tl.'!ii‘.]-':[} IMPROVEMENTS OF THE SYSTEM

In the light of the conditions found by the survey to exist on the
roads and bridges now constituting the designated interstate highway
system, and in consideration of the standards agreed upon as neces-
sary for adequate service of the 1948 traffic on the system, the
several State [llighwn;f departments were asked to determine the kind
of improvement that would be required to bring the entire system up
to a desirable degree of adequacy, as of the present time, and to esti-
mate the cost of so doing.

As a result of this analysis only 1,900 miles of the system in rural
areas and 398 miles in urban areas, as they presently exist, are found
Lo require no improvement. The mileage here classified as urban in-
cludes 98 miles in towns of less than 5000 population. For purposes
of the estimate of costs of required improvements, only those sections
of the system included within the limits of the urban areas of cities of
5,000 population and more, as defined by the Federal-aid Highway
Act of 1944, have been classified as urban. On this basis, the mileage
requiring no improvement is 1,998 miles rural and 300 miles urban,
a total of 2,298 miles, or about 6 pereent of the system as it now exists,

CHARACTER OF ROAD IMPROVEMENT HREQUIRED

All other parts of the system are found to require some measure
of improvement. The essential improvement of 8,687 miles, about
23 percent of the system as it now exists, consists of widening only.
Of this total, 8 306 miles are rural, 381 urban.

Improvements classified as reconstruetion, which can be effected
with no more than minor relocation of the existing roads, are required
on 14,2583 miles, nearly 38 percent of the existing total mileage. Of
these roads 13,467 miles are in rural areas and 816 miles in urban areas.
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The most extensive change, improvement which requires cnmplfltl.e
departure from pxisting alinement and relocation, is 1'9{11111'-5-1_1 on ﬁ
remaining one-third of the system as it now exists. The {‘i'?tllrn“t?h
mileage of the relocated roads is 11,891, which iz less than the lengt!
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Photo by Texas State Highway Department
Maore than 2,000 miles of the urban portions of the interstate system will have to

be relocated, in many cases as controlled-necess freeway with frontage roads
guch as the Central Boulevard in Dallas, Tex.

of the existing roads by 641 miles; and the total length nf l-]u:r system,
37 800 miles at present, is shortened by this amount to 37 , 159 miles,
(1 tha 11 801 miles of reloeated hishwavs, 9.867 are in rural areas and
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BRIDGE CONSTRUCTION REQUIRED

On the 11,891 miles of hichway relocation proposed. there ar
4,893 bridges that would have gtu hcymnstrucwd. d ﬂlfJ thesje, 2,693 ar:
on the relocated rural sections and 2,200 are on the urban relocations.

On the sections of the system to be improved on approximately
the present locations, totaling 22,970 miles, and on the 2,208 miles
otherwise adequate, there are 5925 bridges which require improve.
inrmt. In some degree, some by outright reconstruction. Of these
9,187 are on rural sections and 738 on urban sections of the system.

TUNNEL CONBTRUCTION

Of the 13 existing rural tunnels, 6 of the least adequate will he
avoided in the proposed improvement of the system by relocation
of the existing approach roads. The remaining seven, all adequale
in vertical clearance, will be supplemented in the proposed improve-
ment bf{ parallel bores. The twin bores, then of adequate width,
will each carry one direction of traffic.

Irprovement of wrban tunnels

Of the eight existing urban tunnels, all but one are proposed for
enlargement by the State highway departments. These are the
Yerba Buena tunnel in California; the Sumner tunnel in Boston,
Mass.; the semitunnel in Jersey City, N. J.; the Beancatcher tunnel
Bt ASilB:-’l"E, N. C.; the MeCallie tunnel in Chattanooga, Tenn.; the
tunnel in St. George, Utah; and the Lake Washington tunnel in
Seattle, Wash,

The one existing urban tunnel for which no improvement was pro-
Kosnr_i by the State highway department is the Bankhead tunnel at

fobile, Ala. This tunnel, with its slightly restricted vertical clearance
and 21-foot clear width, for an ]muﬁy traffic of over 1,000 vehicles
in 1948, 12 regarded by the Public Roads Administration as definitely
inadequate. The existing tunnel was built in 1940 at a cost of about
24,000,000, Its inadequacy of width, at least, should be eorrected by
the construetion of a parallel tube, which should provide a minimum
vertical clearance of 14 feet. For this purpose an estimate of
$f5,5[}[2£;000 has been added to the State highway gnpm‘t-ment's estimate
of costs,

New tunnels proposed

In addition to the required work of enlargement of existing tunnels,
construction of five new tunnels is proposed, of which one is on a
rural section of the system and four are in urban areas,

The one new rural tunnel proposed is on U 8 Route 40 in California

at the approach to the Carquinez Strait Bridge.
. The four proposed new tunnels in urban areas are a 900-foot tunnel
in Louisville, Ky.; a 700400t expressway tunnel in Boston, Mass.:
a 2,400-foot freeway tunnel in Kansas City, Mo.; and a new Palisades
tunnel in New Jersey,

TRAFFIC BERVICE OF THE IMPROYED BYBTEM

The 2,298 miles of the system on which no road improvement is
required, served in 1948, on the 1,998 rural miles included, an average
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daily traffic of 4,190 vehicles, and on the 300 urban miles an average
of 17,350 vehicles daily. The State highway departments estimate
that the 34,861 miles proposed ffor improvement, if they had been
improved as proposed in 1948, would have served on the 31,640 miles
of rural sections included an average of 3,450 vehicles, and on the
urban sections totaling 3,221 miles an average of 15,360 vehicles daily.

On the basis of these traffic volumes, it is estimated that the system,
if it had existed in 1948 in the proposed state of improvement, would
have served in that year, on its shortened improved length of 37,159
miles, approximately 62,115 million vehicle-miles of travel. Of this
total, 42,380 million vehicle-miles would have been served by the
33,638 miles of rural routes, and 19,735 million vehicle-miles would
have been served by the 3,521 miles of urban routes. ;

These estimates indicate that the system, if it had been improved
as proposed in 1948, would have accommodated on its rural sections,
constituting approximately 1 percent of the tolal rural road mileage,
more than 21 percent of the total vehicle-mileage on rural roads.
On its sections ineluded within the urban areas of cities of 5,000
population or more, constituting approximalely 1 percent of the
total rity street mileage, 1t would have served more than 10 percent
of the total mileage of urban travel,

COST ESTIMATE OF PROPOSED IMPROYEMENTS

The cost of improvements found to be required has been estimated
by the State highway departments on the basis of prices prevailing in
1048, The Federal-aid highway price index for 1948, referred to
average prices for the years 1925-29 as 100, was 158.2. Compared
with 1940 prices, the average for 1948 was nearly 114 percent higher.
Costs of the improvements are, therefore, estimated at high prices;
in fact, at the highest prices obtaining for any year in the history
of the Federal-aid highway program. ) :

If, in the future, as appears probable, there is some decline from
the 1948 price level, the cost of the proposed 1mﬁmvements is likely
o be less than the estimate; but no attempt has been made to antici-
pate the probability in this regard.

Total costs

On the bagis of 1948 prices, as stated, the estimated cost of all work
proposed on the interstate highway system, as thus far designated, is
$11,266,400,000, Of this tolal, $5,973,000,000 is for 1mEmvemeut.
of rural sections of the system and $5,203,400,000 is for work proposed
on urban sections. The cost of urban improvements is 47 percent
of the total.
Widening =)

Of the $11,266,400,000 total cost, $957,800,000 is for the widenin
of 8,687 miles of the system as it exists at present, an average o
$110,300 per mile. For all rural sections to be widened, a total of
8,306 miles, the cost is $729,300,000, averaging $87,800 per mile.
For the 381 miles of urban sections to be widened, the cost is $228,-
500,000, averaging $599 800 per mile.

Reconstruction . ‘
The cost of reconstructing 14,283 miles of the system, involving
more than widening but no extended relocation, is estimated at
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%3,022,700,000, an averagze of $211.600 per mi i

L 700,000, o ; per mile.  Forall rural 3
to he rlec:unstjt:ur:t.ecl_. a total of 13 467 miles, the cost is $2,?;;,1$§EL!{;EI?JE‘
ﬁ:ﬂ;ﬂgfﬁ[u!?,i;ﬂﬂhpnr mile. For the 816 miles of urban sections to
by slructed, the cost 11 905,600,000, av eraging £1,100,800 per
Relocation

The cost of relocated sections of i
] .cost ol re ed sen the syvstem, aggrecating 11 801
miles, is $7,236,700,000, an average of $608,600 per mile. TFor all

LR AN O Lok

“They shall not pass" at this poi J i

1 <hall fLs s peint on U 8 Route 78 in Alabama, where sighi

d}ue.t.ancc Is practieally zero, The 20-fool pavement is b ly dumr'tgcd'amijfr:u
.*E{LL:.:PI;]IuirR T‘m and parrow, vet this road must handle 3,350 vehicles daily,
jmle.::;L.w:ﬂr:m;.lrllf::l{:u“]rlr..n remedy such conditions is required on 14,283 miles of the

rural relocated sections, totaling 9,867 miles, the cost is 83,077
I reloca , totaling 9, 5, the cost is $3,077 400,000,
averaging $311,900 per mile.  For all urban relocated sections, totaling
2,024 miles, the cost is $4,159,300,000, averaging $2,055,000 per mile.
Right-of-way, bridges, and tunnels
All foregoing cost estimates include costs of richt-nfaway and of the
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The estimated cost of right-of-way is $735,000,000 for all rural
sections to be improved, an average of $23,200 per mile, and about
12 percent of the cost of the mr:f sections, For all urban sections
the estimated cost totaling $1,667,000,000 averages $517,600 per mile
and is more than 31 percent of the cost of the urban sections.

The estimated cost of all bridges to be built or altered on the system
is $2,888,000,000. This amounts to about one-fourth of the estimated
cost of all work required. Of the total bridge cost, $1,687,200,000,
or 58 percent, is for structures in urban areas. New structures to be
built on relocated sections of the system represent 72 percent of the
total bridge cost.

The estimated cost of all tunnel work proposed is $106,200,000. Of
this amount, $52 400,000 is for the enlargement of sxisting tunnels,
of inadequate width. The ecost of the five new tunnels to be con-
structed 18 estimated at $23,800,000. Of the total cost of tunnels,
$46,600,000 is for tunnels in rural areas and $59,600,000 for tunnels
in urban areas.

Combined, the estimated costs of right-of-way, bridges, and tunnels
amount to $5387,100,000, which is 48 percent of the estimated
total costs.  In rural areas, the cost of these elements of the proposed
improvements is $1,983 300,000, about one-third of the total rural
cost; in urban areas it is $3,413 800,000, which iz nearly two-thirds of
the total urban cost.

osts of road construction

After deduction of the costs of right-of-way, bridges, and tunnels,
the remainder of the estimated cost, which is the net cost of all road
construction, is $5,8068 300,000, which represents an average cost of
$168,400 per mile for the mileage to be improved. The corresponding
cost of road construction work to be executed on rural sections of the
system is $3,980,700,000, an average of $126,100 per mile; and for
road work only in urban areas the cost is $1,879,600,000, an average
of $583.600 per mile.

COBT PER MILE

Including all costs, the $11,266,400,000 cost of the work proposed
represents an average of $323 180 per mile for the mileage to be im-
proved, and $303,190 per mile for the entire mileage.

Rural and wrban costs per mile

The similar total cost for rural sections of the system, $5,973 000,000,
represents an average of $188 800 per mile for the mileage to be im-
proved, and $177,600 per mile for the entire mileage, including the
1,993 miles that are adequate in their present condition,

On the same basis, the total cost for urban sections, $5,293,400,000,
represents an average of $1,643 400 per mile for the mileage to be
improved and $1,503 400 per mile for the entire mileage, including the
300 miles already adequate.

Ratio of rural and urban costs

The cost of the actual work required, on a per-mile basis, u.l]:-]}flur's
from the above figures to be about 8.7 times as great for the urban as
for the rural sections of the syatem. On the basis of the total mileage
of the system, including the mileage on which no work is required, the
- - " v v L] L 1 - F i -

[ PR - I A R |
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COST PER VEHICLE-MILE

If, in 1948, it had been possible to invest in the sys i
400,000 of capital estimated as required for the {mt;.%ﬂ:ﬁ;mti'ggfé
posed, that sum could have been raised hy g payment, of only 18.1
Flgqts for each mile of vehicle travel on the system in that one year
\e'h[E" figure represents the vehicle-mile cost for 1 year's usage only.

ehicle registration and vehicle usage are increasing. In future years

Flwto by Abrams Aedal Survey Corp, :
Complete separation of both highway and railroad croasings, as exemplified by

the Detroit Industrial Expressws i i i
al E ¥, permits fast, unint ~ v
and unhampered turning rrmnvenu:n.I,.E].j TR T e

_LrIlm usage L:{‘]fhu system, i“f terms of vehicle-miles of travel on it, will
increase. e amount of the probable increase is

s ey 15 a matter of
Fitture traffie

If traffic using the system in future years is assumed to remain at
the level estimated for 1948, the capital cost of the proposed improve-
ment would represent about nine-tenths of a cent per vehicle-mile of
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traffic assumption is very conservative, the computed cost per vehicle-
mile is correspondingly conservative, A cost little more than seven-
tenths of a cent per vehicle-mile over a 20-year period would probably
be a more reasonable measure of the capital burden of the proposed
improvements spread over a 20-year period.

Bural and wrban vehicle-mile costs

These figures are based on the improvement cost estimated for the
system as a whole. For the rural sections only the eapital investment
would have been repaid by a payment of about 14.1 cents per vehicle-
mile of the 1948 traffie, or & maximum of about 7 mills per vehicle-mile
in 20 vears, a fipure that may be reduced in view of the probable
traffic increase to less than 6 mills per vehicle-mile.

For the urban system the corresponding vehicle-mile payments
and cozts are 26,7 cents for 1 year's traffic; 1.33 cents for the traffie
of 20 years continued in the 1948 volume, and probably little more
than 1 cent as traffic is likely to develop in a 20-year period.

Comparison of the costs given for the urban and rural sections
indicates that the improvement of the urban sections as proposed,
in terms of the traffic served, is slightly less than twice as expensive
a8 the proposed improvement of the rural sections.

DATA BY BTATESB

Table 1 shows the mileage of the system as it is proposed for
improvement in the rural and urban areas of each State and the corre-
s;imndin.g total mileage; and the estimated costs of improving sections
of the system in urban and rural areas of each State and the corre-
spnniding pereentage of such costs in relation to the respective national
total costs.



Tagre 1.—Mileage of the inlerstale highway systen and estimaied costs of improvements proposed, by Slates
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SUBSTANCE OF THE 1941 REPORT

The section of the Federal-aid Highway Act of 1948, to which this
report is responsive, directs first that o study be made of the status of
mmprovement of the National System of Interstate Highways, and
further requests that the report to be submitted shall supplement the
report dated February 1, 1941, entitled “H ighways for the National

efense,” to reflect current econditions and deficiencies,

GENEBIS OF 1841 REPORT

The results of the study that has been made of the status of improve-
ment and deficiencies of the interstate highway system are presented
in the foregoing pages.  Tully to supplement the 1041 report, & good
deal more is required, and in"order that the purposes of what follows
may be clearly understood it is desirahle at thiz point to refer to the
inception of the earlier report and briefly summarize ils principal
findings and recommendations.

The 1941 report was requested by President Franklin D. Roosevelt
in a letter to John M. Carmody, Administrator, Federal Works
Ageney, under date of June 21, 1940, in which the President wrote
as follows:

In order that we may be assured of the adequacy of our highway system to
meet the needs of our national defense, 1 wou]d?[kc You, in cooperation with the
Advizory Commission to the Couneil of National Defense and the War and Navy
Departments, to have the Public Roads Administration of your Agener make o
survey of our highway facilities from the viewpoint of national defense and
advige me as to any ateps that appesr necessary,

I suggest that particular altention e paid to the strength of bridges, the width
of strategic roads, adequacy of ingress fo and egress from urban centers, and the
servicing of existing umjl proposed Army, Navy, and Air bases, # # =#

The report, Highways for the National Defense, prepared by the
Public Roads Administration in response to this request of the
President, was submitted to the Federal Works Administrator by the
Commissioner of Public Roads under date of February 1, 1941, On
the same day it was transmitted to the President.

RECOMMENDATIONE FOR SPECIFIC DEFENSE OPERATIONS

The report recommended two general programs of highway improve.
ment as necessary to correct deficiencies then current. The first
_and more urgent of the two, was a program intended to supply needed
highway facilities for gpecific defense operations then developing,
The needed facilities were classified as {1} reservation roads, (2} necess
roads, and (3) tactical roads,

BReservation roads consisted of company streets and other roads
within the Tederal reservation areas of Army cantonments, depots, and
bases, and the various shore establishments of the Navy.

Access roads ineluded numerous roads, each of relatively short
mileage, required to give local access from main highways, railroads,

B
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and waterways to Army and Navy reservations, and Lnflllgt:{'iul‘EIM{lib
engaged in the defense production program. KRoads to civil mirports
and landing fields were also included in this category. . .
Tactical roads included certain small mileages of 1':1:1(15_gu-111gqaci2355
to isolated points of strategic importance, _f_'_’.l}l'liﬂ"ﬂ.]l:f,.l' in c:?n.-.tu 1?5
border regions, and larger mileages near military reservations a
in other areas that might become theaters of tactical maneus ers.f.
On roads of these classes, previously of little or no }IIIIPDI'E-EilnLlﬁ1 :?m
the viewpoint of civil traffic needs, the report le-lﬂlp]!blti!i iIL ll:.,‘ {. ?
velopment of a considerable defense usage which wou rf.:im.u..s] ?1:.
substantial improvementsTattributable’primarily to the defense needs.

i jume ili ssbablishments.  This truck
a8 roads are an important adjunct to m1I_ETaT'_v e e
Mﬁrﬁi of tent 5'1]Al.,tli'i:u'mi.-:| was on the way to Camp Shelby, DMiss, where s tent
city waz2 built to quarter 50,000 zoldiers in training.

RECOMMENDATIONS TOR THI BSTHATEGIC NETWORK

: second general program recommended was to consist of es-
ﬁ{!nll;,ﬁﬁ impmve%mnts mPth%e strategic network, o uunlm%ud: S}rﬁt%m ?t
highways which had been previously designated by the T'i B A1 . 3.51;1 3,;
Departments as the routes of principal importance from trm standp st
of national defense. At the date of the report this network _t:l:rnsls;-lt -
of a system of main trunk routes totaling approximately {4,@01’! mi es].::
and auxiliary roads ﬂ.ppmximn.rfdy pnr:ﬂ_lu}l.ug :.ihe main lines on eac

ide, with cross-connections at frequent intervals.

: df{ﬁm J'Estwork ineluded routes joining all important centers of defense
industry and all military and nawval concentration points. {t.-“ ]_rinam
lines, with few exceptions embraced within the Federal-aid ]1;_';7 ‘:-1;1;.
system, included all routes of the interregional highway sys qta
previously recommended by the Public Reoads Admimstration m 1
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report, Toll Roads and Free Roads.! The auxiliary lines consisted in
considerable part of State and local roads not ineluded in the Federal-
aid system.

The report recognized that the strategic network, in its main lines
at least, was heavily used by civil traffic.  1ts serviee of purely military
traflic would necessitate few if any improvements not required for the
accommodation of civil needs. Its development to complete ade-
quacy for the service of both classes of traflic was viewed as a long-
time operation and practically continuous undertaking. Improve-
ments of certnin sections, partaking of the character of access and
tactical roads, and elimination of & number of the more serious weak-
nesses, particularly substandard bridges, were recommended as urgent
necessities.  Otherwise the improvement of the strategic networl was
reported as of less urgency than the provision of reservation, access,
and tactical roads,

SURVEY OF NEEDS

Surveys and studies made antecedent to the report, by the Public
Roads Administration in eooperation with military and naval au-
thorities and the State highway departments, indicated improvement
needs in respect Lo each of the classes of roads described, as follows:

Reservation roads.—Improvement or outright construction of 1,500
miles entirely within Federal reservations. Since roads of this class
were subjeet to the jurisdiction of the War and Navy Departments,
the ecost of their improvement was not estimated and no recom-
mendation was offered concerning the authorization or appropriation
of essential funds.

Aeeess roads,—Determined need of the improvement of 2,830 miles,
to serve 192 military reservations, at an estimated cost of $220,000,000;
and additional needs, of indeterminate but substantial extent and
cost, to serve vital defense industries,

Tactical roads, —Damage of local roads by military training ma-
neuvers, reported as already oceurring, was cited as indicative ol an
eventual need of construction or reconstruetion, the extent of which
eould not be estimated.

Strategic network, —Detormined needs consisted of the strengthen-
ing or reconstruction of 2 436 bridges of load capacity inferior to the
H15 design standard, & minimum [or both civil and defense traffic;
the widening of 5,000 miles of roads surfaced less than 18 feet wide;
and the strengthening of approximately 14,000 miles of surfaces
incapable of supporting in all weather 9,000-pound wheel loads. Tt
wig estimated that these deficiencies could be eliminated hy an ex-
penditure of approximately $458,000,000.

APPROPRIATIONS RECOMMENDED

To permit a reazonably =atisfoctory accomplishment of the mosi
urgent improvements of the several classes of roads, the report recom-
mended immediate appropriations by the Federal Government in the
following amounts:

1. For aceess roads, including new sections of highway to replace
existing highway connections broken by necessary elosures at military
reservations and industrial sites, $150,000,000.
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2. For tactical roads, including the repair of damage cansed by

‘tical maneunvers, §25,000,000. i
tmﬁ. For the eratcs?!llc network, including the replacement of sub-

g 1 i a1 £4 " -I H 5
standard bridges and the correction of other eritical deficiencies, not

3 to be apportioned among the States in accord-
e g A m—aiq.l formula, and made available to

ance with the existing Federal

TR e
Photo by Vermont Department of Highways
Commercial and passenger vehieles and an Army convoy mutually iji-.‘L:.lu each
other on this winding mountain ]Jl.gt;wa}'_.dl_li 8 ll—:mul::r_?.aiamc::rg::ﬂ?: grudg mmand
is i te in almost every detail—width, shoulders, b o, .
Egﬁ?%ﬂ&unce. The broken eulvert guardrail in the fareground is evidenee

of the inadequate width.

vay costs of projects on a basis of Federal participation semewhat
icher than the existing 50-percent limitation. .

i%l. For the making of engineering surveys and plans for develup};

ment of the strategie network, including extensions into and thmugd

municipalities, $12,000,000 to be o portioned among the States an
matched by them on the existing Federal-aid basis.
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REVIAION OF FEHDERAL HIGHWAY ACT PROPORED

Finally, to facilitate the nccomplishment of necessary improvements,
the report recommended amendment of the Federal Highway Act
(1) to authorize addition to the Federal-aid system of any roads con-
forming to the main lines of the sirategic network, as designated by
the War and Navy Departments; (2) to make roads and ﬁr‘idgcs on
auxiliary lines of the network eligible for improvement with Federal-
aid secondary road funds; and (3) to permit the use of Federal-aid
funds in payment of part of the cost of nequiring necessary rights-of-
way and attendant property damage.

el
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FEDERAL HIGHWAY LEGISLATION OF THE WAR PERIOD

There was no action responsive to the recommendations of the
report of February 1, 1941, for several months. In the meantime,
additional routes were designated by the War Department for inclu-
sion in the strategic network. These, with the larger mileage pre-
viously designated by the War and Navy Departments, wers indi-
cated on a map, revised to May 15, 1941, which, as approved by the
Secretary of War, is herewith presented as figure 5.

Surveys of needed reservation and access roads were continued by
military authorities and the Public Roads Administration in coopera-
tion with the State highway departments, and existing authority and
means were employed to undertake some of the improvements found
necessary. The Work Projects Administration undertook the con-
struction of & considerable mileage of reservation roads. Tmprove-
ments to eliminate deficiencies of the strategic network were under-
taken as Federal-nid projects; and funds available for improvement
of the Federal-aid system and for Federal-aid secondary roads were
allotted to the improvement of access roads, as existing law and the
initiative vested in the State highway departments permitted. |

On June 2, 1941, the President sent a message to the Congress
requesting J:rovisiun of funds for the construetion of defense highway
projecis. ~ After extended hearings in both Houses, the Congress on
July 21, 1941, passed a bill considerably at variance with the Presi-
dent’s recommendations. The President vetoed this bill.

THE DEFENSE HIGHWAY ACT

Finally, on November 19, the President signed a revised bill, pre-
pared after further extended congressional hearings. In little more
than 2 weeks the Nation was at war,

The measure approved on November 19 was the Defense Highway
Act of 1841, Tt authorized the $150,000,000 appropriation for access-
road construction and 10 of the 12 million doﬁﬁm for planning stra-
tegic network improvements recommended by the E’uhlic %nads
Administration 10 months jearlier. The funds authorized for access
roads were made available for payment of the entire construction
cost of such roads.

The States were required to match the planning funds in the usual
50-50 ratio. For strategic network improvements the law authorized
an ap&m%ri&tiun of $25,000,000 to be apportioned in accordance
with the Federal Highway Act formula and $25,000,000 to be allo-
cated by the Federal Works Administrator without regard to the
formula. The Federal share of the cost of projects undertaken under
both of these authorizations was increased to 75 percent.

To meet the need of tactical rond repair forecast in the Public
Roads Administration report, the act authorized the Commissioner of
Public Roads to reimburse States for the necessary rehabilitation and

Gl
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THE WAR'S EFFECT ON THE HIGHWAY PROGRAM

There was close agreement between the sums estimated as required
in the 1941 report and the amounts subsequently authorized and
expended. The amount estimated for access roads was specified as
a minimum, not ineluding some needs which at the time could not be
estimated. The sum subsequently appropristed substantially ex-
ceeded this minimum estimate.  As suggested by the report, the con-
struction of access roads was the work of greatest urgency. It was
work that simply had to be done to provide access of the Eal*est. ale-
quacy to military reservations, war produetion plants, and sources of
strategic war materials, It was, therefore, the class of road-building
activity that encountered the least impediment in the various restric-
tive measures applied during the war. But this does not mean that
the effort to cnrrg' out even this most necessary road-construction work
was wholly unobstructed. On the contrary, it was beset constantly
with indecizion, delay, and restrictions often arbitrarily and unintelli-
gently applied, that began with the approval of projects, continued
through the endorsement of plans, and persisted to the completion
of projects.

THE LESSONS LEARNED

The fact that the strategic network improvement as provided for
and as accomplished differed in widest measure from the estimated
need does not mean that needs did not exist in the magnitude of the
estimate. The estimate was extremely conservative. The existing
needs, some of them of most serious character, simply were not met.
For the most part, we went through the war with the highways we had
at its beginning. Fven the gravest deficiencies went unrectified.
Not only construction, but alse maintenance activity was radicall
curmiIec{ by arbitrary controls imposed. Road surfaces deteriorated.
On high military authority, roads were pronounced expendable.

In this experience of World War II, all concerned with responsi-
bility for the condition of the country’s highways and with the effi-
clency of highway transportation for peace or war may find a valuable
lesson. The lesson is that when war starts, major road building stops.
The major facilities required for the service of peacetime traffic are
the arterial highway facilities required for service in a future war and
they must ba built in time of peace. There is no reason to expect that
the demands of combatant forees during a future war will be more
tolerant of highway construction activity than they were in World -
War II.

WORK IN ADVANCE OF THE DEFENSE HIGHWAY ACT

The whole story of the work that was done to meet the more urgent
highway needs of the last war is not told in the fizures of table 2.
Much had been done in advance of the passage of the Defense Highway
Act of 1941—and even before the February 1 report was rendered—to

fid
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prepare for the cons
some of them,

Early in 1940 the War Department, and somewhat later the Nav

Department, had begun to request the assistance of the Public Roads

Jw"‘

Bs.{fﬁﬂ?a;amgq,uuq,m:u ordnance plant suddenly sprang up in a little village in
ot ;:s wa3 & two-lane road oarrying 700 vehicles a dav. Aftor plant
et 18 :ng]a(n, traflic swelled to 14,000 vehicles daily néces:sit.aﬁn] th
idening of 113 miles of the rowte to & four-lane divided :I:i‘gll'l-';'ﬂ}' il

Administration in studies of t} iti i i
: studies of the condition and desirghla r
ﬁf Jzi:ar]s leading to military and naval posis and rstalg:]?silmnfuﬁ%mmi?p?
u:rd 1e date of the 1941 réport 140 such studies had been cumf:r]nt.ed
ad many more were subsequently undertaken and completed.

truction of needed roads, and actually to build
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Provigions of the Federal Highway Aet of 1040

The Federal Highway Act of 1940, approved September 5, 1940,
had contained several.permissive provisions designed to authorize
acts deemed necessary in preparation for the national defense. One
of these authorized the Public Reads Administration to employ for
the construction of projects desirable from the standpoint of the
national defense, Federal-aid funds which it was expected would
remain unexpended ot the close of their period of normal availability.
Another authorized the use of administrative funds of the Public
Roads Administration—
o Ea}? the entire engineering costs of the surveys, plans, speeifientions, estimates,
and supervision of construction of projects for such urgent improvements of

Beeause of highway transport, war production could be undertaken anywhere
that factories and workmen were available, This PT hoat i3 being hauled
from an inland “shipyard" to the sea.

highways strategically important from the standpoint of the national de-
fenee * * * yndertaken on the order of the Federal Works Administrator
and as the result of request of the SBecratary of War, the SBecretary of the Navy,
or other authorized national defense apency.

A third empowered the Commissioner of Public Roads, in approv-
ing Federal-aid highway projects to be carried out with the then
unobligated funds apportioned to any State, to give priority of
approval to, and expedite the construction of, projects recommended
i}}'fﬂ.n appropriate Federal defense agency as important to the national
defense,
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Provisions of the Emergency Relief Act

Similar provisions were carried in the Emergency Relief Appro-
priation Act, fiscal year 1941, relating to the use of relief funds by
the Work Projects Administration for planning and building roads
important for defense purposes. *While relief rolls remained, a total
of $85,150,000 of relief funds matched by sponsors’ contributions
totaling $28 750,000 was expended, largely for the construction of
roads in Army and Navy reservations bul also, in part, for access
roads to military reservafions and defense plants.

Response of the States

Generally, the State highway departments complied readily with
requests for the use of their apportioned Federal-aid funds for pur-
poses of study and the planning of access-road improvements. When
it came to the construction of such roads, however, the remaining
restrictions of the Federal law and similar provisions of State law
often presented insurmountable obstacles, Many of the roads were
included in neither the Federal-nid nor State highway systems, and
many were of such character and location as to be ineligible for con-
struction even with the available Federal-aid secondary road funds.

No such restrictions prevented the application of Federal-aid funds
to the strategic network and the States willingly responded to the
request of the Public Roads Administration for allotment of as muech
as possible of the currently available funds to the correction of
deficiencies of that system.

Federal-aid programs in 1941

At the end of October 1941, shorily prior to the passare of the
Defense Highway Act of that vear, the combined Federal-aid pro-
grams consisted of projects for the improvement of 11 1271 miles of
road at an estimated total cost of #397,812,700 including the Federal-
aid allotment of $224,135,000. Of these totals, 2,884 miles at an os-
timated construction cost of $144,392,000 were on the strategic net-
work, and 197 miles estimated to cost $16,584 400 wére access roads.
Projects particularly directed to the meeting of defense needs, there-
fore, constituted at that time 27 percent of the mileage and 40 per-
cent of the cost of the current program. An unobligated balance of
apportioned funds, the latest of which were those authorized for the
fiscal year 1942, remained available for further high-priority uses, to
be augmented shortly by apportionment of the fiscal year 1943 [ unds,
last of the prewar authorizations,

TOTAL AMOUNT OF WORKE DONE

To the extent that use of these regular Federal-aid funds for access
roads and strategic network projects was permitted they were np-
lied for the most part to the needs contemplated in the 1941 report.
n final event, these funds, together with the special defense high-
way appropriations, provided for the improvement of 1,678 bridges
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i i : wrie network total cost of
63 miles of road in the strategic network at
;2;181%2,5(}31 and for the comstruction of 1,254 bridges and 12,814
miles of access roads at total cost of _$356,104,200. : : i
In terms of total cost the actual improvements of the wo classes
compare with needs estimated in the 1941 report as follows:

Btrategic network improvements:

0, 000

Estimated in the 1941 report, total cost_______ ... i ﬁi?g.’ 232: s
Actually constructed, total eost. _____________. S —

Apeess roads: 220, 000, 000

Eatimated in the 1241 report, minimum total coat. __ .
Actually constructed, total eost_ __ __________________..... ;
The rates at which these two classes of work were und.ert.l;lf:zr:;l a}ﬁ
terms of total cost, are shown in figures 6 and 7. _T]]q rabtﬁﬁ ghar&uter
taking several classes of access—mgud projects, varying in
of the objective area, are shown in figure 8.
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e various classes of access-road projects
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these further reviews coincided with those of the Pershing map, but
there were some additions, and the latest of these were Ehoml on a
map, revised to May 15, 1941, and approved by the Secretary of
War. It was the system shown on this map and referred to specifically
as such in the Defense Highway Act of 1941 that became known as the
strategic network (fig. 5).

The total length of the highways included in the strategic network
is approximately 78,800 miles. Within a system of this extent, there
naturally are differences of importance among the roads included,
even while as a whole the system comprises the most important
highways. In its review in 1941, the War Department indicated
such distinctions among the routes included in the network, In
general, it found that the routes of greatest importance coincided with
those that had Freviaus]}' been chosen by the Bureau of Public Roads
as desirable of inclusion in a system of interregional highways.!
This system had been proposed by the Bureau as constituting the
principal trunk highways of the United States that should be prefer-
entially developed as such with road-user revenues and Federal aid
as an alternative to the construction of a smaller system of national

toll roads.
STUDY OF INTERREGIONAL HIGHWAYS

His interest stirred by the suggestion of the Bureau, President
Roosevelt, on April 14, 1941, had appointed a National Interregional
Highway Committee to review the surveys and data upon which the
suggestion had been based and to recommend a limited system of
national highways designed to provide a basis for improved interre-
gional transportation.

The report of this committee, entitled ““Interregional Highways',*
rendered to the Federal Works Administrator January 1, 1944, was
forwarded to the President and by him, on January 12, 1944, was
transmitied to the Congress with his favorable recommendation, in
fulfillment of a request for such a report which had been made by the
Congress fi months earlier.?

CONGREBSIONAL ACTION

Acting upon the recommendations of this report, the Congress, in
section 7 of the Federal-aid Highway Act of 1944, approved December
20, 1944, directed that—

There shall be designated within the continental United States a National Sys-
fem of Interstate Mighways not exceeding 40,000 mile2 in total exlent 2o loeated
a5 to ponnect by routes, as direet ss practicable, the prineipal metropolitan areas,
cities, and industrial centers, to serve the national defense, and fo connect at
suitable border q&[l]ts with routes of continental importance in the Dominion of
Canada and the Republic of Mexico., The routes of the National System of Inter-
state Highways shall be selected by joint action of the State highway departments
af each State and the adjeining States, as provided by the Federal Highway
Act of November 9, 1921, for the selection of the Federal-aid system. All high-
ways or routes included in the National System of Interstate Highways as finally
approved, if not already ineluded in the Federal-aid highway system, shall be
added to said system without regard to any mileage limitation.

! Tl Reads and Free loads, T Dge, Mo, 272, Tith Cong,, st snss,

z ||i|l‘i’hﬁgjlrllﬁ.'| Highwnys, H. The, No, 370, 78th Cong,, 2 sess,
A Amamdmant of Feideral Highway Act, July 13, 1943 (57 Stat, 5.
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BELECTION OF THE INTERBTATE SYSTEM

Complying with this congressional direction, routes for inclusion in
the authorized National System of Interstate Hichways were selected
by the several State highway departments, and a system composed of
the routes selected, with minor modifications required to effect inter-
state continuity, was approved by the Federal Works Administrator,
August 2, 1947,

e system then approved was composed of 37,681 miles, There
remained at that time, within the 40,000-mile limitation fixed by the
law, the authority to designate an additional 2,319 miles, which it was
expected would be largely composed of desirable circumferential and
distributing routes in urban areas,

Sinee the original approval of the system, a few changes have been
made; and the system as presently designated, totaling 37,800 miles,
is that shown in figure 1. The condition of the system so econsti-
tuted was the subject of the study reported in the first lpu.rt of this
report. The balance of 2,200 miles within the 40,000-mile limitation
is still reserved mainly to be comprised, after further detailed study,
of essential circumferential and Eistrihut.ing routes in urban areas,

¥

STRATEGIC IMPORTANCE OF THE INTERSTATE HIGHWAY
SYSTEM

As previously mentioned, the War Department, in its designation
of routes comprising the strategic network recommended in 1941, had
indicated the superior importance of certain routes within the network
generally coinciding with routes that had been chosen as an inter-
regional system by the Bureau of Public Roads. The remainder of
the network consisted in large part of routes which had been originally
indieated on the Pershing Map of 1922,

ik e i
: it ; it
QEARR AN TR e e R

Military convoys would not unduly interfere with passenger and Ienml:u.ermigi.] traffic
if the highways were adequate in pavement and shoulder width. This Army
truck train in Texas completely oceupied the lane in its direetion of travel, and
forced opposing vehicles part way off the road.

CHANGE IN NEEDS, 1922-41

Indication of the larger mileage was of greater necessity in 1922
than in 1941. At the earlier date the improvement of rural roads was
at its beginning. A Federal-aid system, which legally could embrace
upward of 200,000 miles, was in process of designation. It was desir-
aﬁln that the system should include all routes of substantial military
importance in order that they would receive the preferential consider-
ation for improvement which was to be accorded routes of the system.
The comparatively large mileage indicated was included in the Federal-

aid system and since has been substantially improved.
T2
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In view of the progress that had been made in improvement of the
larger network, the situation in 1941 called for an indication of the
part of the included mileage, relatively of primary importance, which
then should be treated preferentially in the programing of further
mprovement. It was for this reason that the War %epm‘tment
specified its particular interest in a part of the network.

Following the direction of the Federal-nid Highway Act of 1948,
the Secretary of Defense and the National Security Resources Board
have been invited to cooperate in the preparation of this report.
Each has been rcl.éluaated to indicate again, and as of the present time,
the potential needs for improved highways for the national defense.

Outstanding in the advice received from the National Military Es-
tablishment is the comment that the National System of Interstate
Highways comprises the principal routes of strategic importance.

RECOMMENDATIONS OF THE SECRETARY if!F DEFENSE

The report ! of a special committee directed by the Secretary of
Defense to consider the matter on behalf of the entire National Military
Establishment comments as follows:

1. The National Military Establishment considers a relatively small “connected
system of highways interstate in character,” constructed to the highest practical
uniform design standards, essential to the national defenze.  Because of the time
rnququd, and cost, such a aystem muost be planned for and constructed during
peacetime,

2. The transportation utilization experienee of the military forees during World
War 11 was the basis for recommendation as to routes that should become a part
of the National System of Interstate Highways, It is believed that this svstem
will, in large part, provide the principal system of connecting highways to serve
the national defenze, j

3. However, as weapons and methods of warfare change there will be a signifi-
eant change in the sirategic importance of a relatively amall mileage of connecting
highways not a part of the National System of Interstate Highways, These other
highways should be identified and given equal priority in design and construction
within practical economic limits. The total mileage of “other highways of
strategic importance’ as foreseen at this time will not exceed 2,500 miles. Tt will
be an exception if any of the “other highways of strategic importance” are selected
which are not now & part of the Federal-aid system of hizhways. However, it is
believed provision should be made for adding such sections of highways which are
not on the Federal-aid system without regard to any mileage limitation.

1 Bpe appendic 111,

CHANGES IN THE YOLUME AND CHARACTER OF HIGHWAY
TRAFFIC DURING WORLD WAR II

The impact of World War IT upon the motor-vehicle industry and
the use of the highways was suédﬂn and dramatic. Within a few
weeks after Pearl Eﬂ,rhur, Japanese conguests had shut off the supply
of ecrude rubber,  Even before that time it had become apparent that
the productive capacity of the industry was insufficient to supply the
military with mobile equipment and at the same time maintain a high
level of production for civilian use, Furthermore, it was imperative
that a segment of the industry’s manufacturing ma,pﬂcihy, slalls, and
manpower be converted to the task of supplying the needs of wartime
aviation,

WARTIME CONTROLS

To meet these critical conditions a series of decisive steps was taken
in swift sequence—but none too soon—by the Federal Government,
Tire sale and deliveries were curtailed on December 11, 1941, and tire
rationing began on December 30, Produetion and sales of automobiles
for civilian use was terminated in January 1942, and new cars not yvet
marketed were pooled for rationing, The production of commercial
vehicles was subjected to the surveillance of the War Production
Board. The Office of Defense Transportation was given the task of
supervising wartime transportation. Under these restrictions the
allocation of new trucks and busses to eivilian use was reduced to a
trickle, with the military receiving the lion’s share of production in the
form of all types of mobile equipment,

Gasoline rationing, under the supervision of the Office of Price
Administration, was instituted in the Eastern States in May 1942,
Under the impetus given by the Baruch report ! the Office of Rubber
Director was created, and the synthetic rubber industry grew, slowly
but surely, from an infant to a giant. The Baruch report also helped
to crystallize a systematic plan for mileage rationing to conserve
vehicles, gasoline, and rubber. Under this pglu,n Nation-wide gasoline
rationing was put into effect in December 1942, almost simultaneously
with an acute gasoline shortage in the East, which forced reductions
in the values of the A, B, and C ration coupons issued for passenger
ears,

SHORTAGES DURING THE WAT

The year 1943 was one of acute shortages, In gasoline supply these
shortages were most severe in the Eastern States; and twice during
that year it was necessary to institute a ban on pleasure driving. The
campaign of German submarines against tankers and other vessels
ﬁljring the east const had virtually eut off this source of supf)ljr. The

ig and Little Inch pipe lines were not yet completed; railway tank
cars were in short supply; and military demands, both domestic and

! Repart of the Rubber Survey Comrmitter, Seplember 1942,



THE INTERSTATE HIGHWAY SYSTEM AND ITS RELATION
TO NATIONAL DEFENSE

In the period between the First and Second World Wars the Publie
Roads Administration had at various times sought the advice of the
War Department as to which of the many highways composing our
total 3,000,000-mile system might be considered to be of principal
strategic importance in the event of war.

The first of these inquiries was made in 1922. At that time the
State hichway departments and the Bureau of Public Roads were
engaged in the selection of routes to comprise the Federal-aid highw&}'
system, designation of which had been required by the Federal
Highway Act, then recently enacted. That act had made it clear
that the contributions of the Federal Government to highway improve-
ment would thereafter be confined to a system of prineipal highways,
mainly interstate in character, and limited initially in each State to a
mileage not exceeding 7 percent of the State’s total road mileage.

THE PERSHING MAP

The rural roads of the United States were then in large part unim-
proved. It was evident that the selection of certain roads for im-
provement, with Federal aid would result in the earlier improvement
of those roads. If there were some roads which were, in greater
degree than others, important from the viewpoint of national defense,
it was obvious that they should be included in the system then in
process of designation, beeause such inclusion would assure their
earlier improvement. Moreover, a basic reason for any concern of
the Federal Government with the improvement of highways was
the desirability of the improvement for the better discharge of parti-
f:lulfar Federal responsibilities, including the responsibility of national
defense.

To the request of the Bureau of Public Roads for its indication of
the most important strategic highways, for inclusion in the system
to he improved, the War Department responded by supplying a map
of the United States on which were shown the h ighwaf'ﬁ so regarded.
This map, approved by General Pershing, has since been known as
the Pershing map (fig. 9). The highways on it were included in the
Federal-aid system as it was designated, and all of them have since
been substantially improved,

THE STRATEGIC NETWORK

From time to time, after its first consultation with the military
authorities, the Bureau of Public Roads renewed its inquiries con-
cerning the defense importance of highways, and especially as another
war loomed as a possibility these inguiries were carefully considered
by the War Department. In the main, the indications following
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offshore, were mounl,inlg. The shortages of lives remained acute; and
the general situation forced the reduction of ration coupon values
throughout the Nation during the latter part of the vear, In 1044 the
situation was only a little eased; but there were adjustments of alloca-
tions and restrictions, in recognition of the essential role of transporta-
tion mn the wartime economy. Replacement of worn-out equipment

The highways can serve in unusual wartime emergencies,  This damaged transport
plane, after an emergency landing, was stripped of its wings and towed to the
neareal amrportk.

in freight and mass passenger transport became less diffieult in the
later months of the war; and there was an effort to provide replace-
ment parts for all types of motor vehicles,

The story of wartime motor-vehicle transportation is one of adjust-
ment to unprecedented conditions. Motonsts and commercial users,
in the face of shortages of equipment, tires, and gasoline, were forced
to adapt their activities to burdensome governmental restrictions.
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The regulating agencies, in their turn, had Lo improvise, to try one
scheme and then another, to back-track—in short, had to learn how
to do a job that had never been done befors, The success of this
joint effort is evident in the statistics of wartime travel.

MOTOR-VEHICLE REGISTRATIONS AND TRAVEL DURING THE WAR PERIOD

During the 20-vear LFr:riud just preceding World War IT motor-
vehicle registrations and traflic increased steadily, except for a slight,
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temporary dip during the depression years. The inerease from 1921
Lo 1941 was more than threefold for resistrations and approximately
sixfold for vehicle-miles of traffic. Inef ure 10 the trends in popula-
tion, registrations, and vehicle-mileage f%nm 1921 to 1948 are shown,
with 1940 as the base year.

Decline of traffic
In 1941 hiﬁhwa}' traffic inereased ab an accelerated rate, because of
the abnormal activity preceding our entry into the war.,  Almost im-



78 HIGHWAY NEEDS OF THE NATIONAL DEFENEE

mediately after war was declared, however, traffic began to decline,
at first in anticipation of shortages and later in response to actual
shortages and governmental restrictions on the purchase of auto-
mobiles, tires, and gasoline. TFigure 11 shows for the eastern, central,
and western sections of the country a comparison of highway traffic
on rural roads in each month of 1942 and 1943 with that in the corre-
sponding month of 1941,  The effective dates of important restrictions
affecting traffic are indicated on the chart Throughout the 2 vears,
relative traffic declines were greatest in the East and least in the West.
Nation-wide rationing, which became effective about the 1st of
December 1942, brought the curves almost together, temporarily, but
the curve for the western section soon rose and continued well above
that for the eastern section,
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Fravre 11.—Comparison of traffic on rural roads in eazh month of 1942 and 1943
with that in the corresponding month of 1941, by regions, and the dates of
gasoline rationing.

As can be seen in figure 10, traffic started rising in 1944, even though
the war was nol yel over; and upon the cessation of hostilities rose
very rapidly until, in 1945, it was back to the level it would have
attained if the upward prewar trend had continued without in-
terruption.

Table 3 rives the vehicle-miles of travel on all rural roads and city
streets in each year from 1941 to 1948, inclusive, and the relation to

1941 travel of that of each subsequent year. The decline of traffic

from 1941 to 1943 was 42 percent on rural roads and 33 percent on
city streets. The reason for the greater decline on rural roads is un-
doubtedly that a higher proportion of the traffic on them was recre-
ational and nonessential, while a larger proportion of the urban traffic
was to and from work and for other essential purposes.
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Drop in recreational travel

Figure 12, which shows vehicle-miles of travel on rural roads by
months for 1941, 1943, and 1948, brings this out more clearly. Mozt
of the recreational travel on rural roads oceurs in the summer months,
and the high summer travel peaks in 1941 and 1948 are apparent.
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Frouge 12, —Vehicle-miles of travel on rural roads, by months, in 1941, 1943, and

In 1943, however, the summer peak was materially flattened, and
much of the seasonal difference which remained could be accounted
for by the difficultics of winter travel in some sections of the country,
This would indicate that wartime efforts to eliminate pleasure driving
were fairly suecessful.
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Tasre 3.—Molor-vebicle travel on all rural roads and cily sfreels, 1841-48, and
rafio to 1941 travel

‘Travel on all rural ronds| Travel on city streets ‘Total travel
Year .'l.ﬂ'tlm‘.l:ﬂ{ af .i.TmnH af miwul;;. of
rave rav my r
Hatio to Ratio to Ratio to
(milliom millinmn i1lion
vehinle- 19l E’[‘]leﬂ' 181 | ErThlnla- L
mibes) miles) miles)
T, 505 1. 00 : TR, S 1.00 A4, 196 1. 00
129, 874 .Ta 138, 235 L85 208, 111 0
oa, 127 .58 1018, {HH} 67 208, 117 62
1M, &9 <6l 1, 75 B8 12 82 i8]
118, B83 .7l 129, 743 .78 240, (3% L
170, G06 1. Oy 170, 04 1.4 340, 655 l.02
180, 34 1. 10 154, (188 1.13 AT, B2 1.11
148, 946 L7 194, 250 1,19 309, 044 1,18

1 Préliminary estimates, basod on ineomplete data.

Tasre 4.—Travel by paszenger vehicles and irucks on main and local
rural ronds, 1841-4%

Travel on main rural roads Travel on leeal rural roads
(million vehlele-miles) {million vehicle-mileg)
Year e e —
P:mgfr Troeks Total l:‘,’m Trucks Total

8, 3M) M, 183 122, B a7, 084 10, 216 47,300
T4 117 10, e 113, 335 28,614 7. 02T A6, 541
N 17,350 71,024 o0, 218 7 18T 28, 103
&5, 420 17, 236 72, b 1, &2 7. 488 o,
4, 385 18, 7 A5, T 25, 54l B 242 4,0
AT £, B ‘M, 318 124, 149 A6, 200 1L 27 &6, 457
R R L Al 10, AR 28, 1Az 137, 512 a5, 55 12118 41, 22
i1 e R i 17,272 50, BAD 148, 112 38, 584 12, 0 51,284

! Preliminary estimates, based on Incompbete data.

Another striking illustration of the elimination of recreational
travel during the war is given in figure 13, which shows daily traffic
volumes on the Merritt Parkway in Connecticut during corresponding
periods of the spring and summer in 1941, 1942, and 1943, ]in 1941
there were very high traffic peaks on week ends and holidays, whereas
in June and July 1043 there was less traffic on such days than during
the business days of the week. :

TRUCK TRANSPORTATION IN WARTIME

In table 4, the vehicle-mileages of passenger vehicles and trucks
are given separately for main and local rural roads, for each year from
1941 to 1948, inclusive. Main roads are generally State higﬁwu Fs, Or
primary State highways in cases where all or nearly all of the rural road
mileage is under State jurisdiction. In 1948, nearly three-quarters of
all travel on rural roads was on these main roads, as can be seen from
the table, and 21 percent of this travel was by trucks. The discussion
of truck traffic is confined to main rural roads because weight surveys
have been made prinecipally on this class of road since the 1936-38
prewar period,
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Limited decline of truck fraffic

Truck traflic, as well as passenger-car traffic, declined during the
war, but to a much less extent. Further, the decline was confined
lzﬁguly to the lighter types of vehicles. Table 5 shows the vehicle-
miles of travel by trucks and truck combinations on main rural roads
from 1941 to 1948, and ratios to 1941 travel of the traflic of subsequent
years.

Tari® §.—Travel by single-unil frucks and fruck combinelions on main rurel
roads, J841-47, and ralios {o 1041 travel

Zingle-unit trucks Truck combinations Totnl
Yiur Au;mmt al ﬁnt:nunim LT'T‘:TEM
Ava e
Ratio to HRatio tno f Ratin to

Eﬁ'ﬂ&'ﬁ] 1941 E,fg'i'gfe"f 1941 {v'“l hi 111:"’“] : 1941

miles) milies) miles)
10 DS 1.0 &5 120 1. 00 24,185 100
14, 308 Th 4, 914 - 1B, 218 T
12 472 4, 687 .M 17, 150 72
11, 458 4, 775 .93 17, B4 71
13, 802 Tl §, 305 1.03 18, pO7 78
17, 838 6, 508 1.3 24, ME 1.0
20, 746 1,0l 7,580 1.0 24, a2 118

TanLe 6.— Travel by emply single-unil trucks and fruck combinations as a percent-
age of lolal fruck travel on main rural roads, 1841-47 .

Pereentoge of total truek travel by—
Year Al ermpty
Empty |Empty truck
single-unlt o i, P mﬁ_ﬂ
trucks tions tions
L6 2.4 3.3
i, I 3.8 42,3
A, & B0.9 4.3
40,1 &0, & 43,9
G4 $L 5 .1
6d, & 3.8 48,3
BL.T LY 46,5

The deeling in truck vehicle-mileage on main rural roads from 1941
to 1943 was 28 ]}zcmcnt., compared to the 42-percent decline for motor
vehicles of all kinds shown in table 3. For single-unit trucks the
decline was 34 percent but for truck combinations, which are the
heavier vehicles, the decline in vehicle-mileage was only 9 percent.

“Emapty" trucks used to carry passengers

In view of the efforts made during the war to haul over the high-
ways the maximum possible tonnage in relation to gasoline usage, it
iz somewhat surprising to find that a higher percentage of the vehiele-
mileage was by empty vehicles in the war years than in the prewar
years. Table 6 shows the travel by empty vehicles as a percentage
of total truck travel, in each year from 1941 to 1947, inclusive. Tﬁa
percentage of empty-vehicle travel increased from 1941 on through
the war, and it was not until 1947 that there was a reversal in this
trend. Vehicles carrying passengers only were classed as empty, and
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the explanation is undoubtedly that the difficulties of obtaining
passenger automobiles; and therr high cost, caused muﬁ‘ owners of
i

= . . .
§ ‘ﬁr g g g g g 7 g a = trucks to use these vehicles in lieu of passenger cars. This explana-
g 7 g i g & E; i £ & Lion iz borne out by the fact that it was the lighter vehicles that ac-
’ i ;S VR :
—— ! =l ¢ iT 3 counted for most of the increase in the percentage of total travel by
\‘!\& b 1‘1 T empty vehicles. The percentage for empty truck combinations did
] = ey 5 % not vary much from 30 percent throughout the period from 1941 to
t—— - A ] :--""" ehy 1§95 5 1947, whereas that for single-unit trucks increased from 34.6 percent
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TavLs 8.— Ton-mileage hawled on main rural roads by single-unit frucks and fruck
combinafions, 1986—47

[2dENEems of tonsmiles]

f ] _I
y All truckd anit | Teuck som-| A1 trucks
. Bingle-unit | Trock come N - Bingle-unit | Tric aned eambi-

Yenr trucks binatisns Im;;l;l_lm&'m,?j Your trucks bittlons nationg
= | A
14, 257 13, 747 25, 04 17, 24k I8, 358 A%, TIH
10, 425 L, 118 F2, 44 15, 7l e 1] E.m
17, 840 17, Thik 35, 0 14, URT ] 4, 4
a0, 262 A, A0 40,62 | :&m? ﬁm %Ei e
2 467 20 88797 || 22, 81 51, 14} 73, 610
I8, 487 0, 0 58,787 | :
|

Ton-mileage houled

Table 8 gives the ton-mileage hauled by single-unit trucks and
iruck combinations from 1936 to 1947, inclusive. From 1941 to
1043 the total ton-mileage declined about 25 percent, but the ton-
mileage moved by combinations declined only about 7 percent. Prior
to the war the ton-mileage was divided almost equally between single-
unit trucks and truck combinations, whereas, beginning during the
war and continuing subsequently combinations have ecarried about
twice as much as single-unit trucks.

Heavy loads :

The heavier wartime loads were due in part to the lifting or relaxing
of restrictions on sizes and weights by the States, in order to permit the
maximum possible utilization of our trucking ecapacity during the
emergency. The result was greatly to inerease the frequency of heavy
Cross loads and heavy axle loads, thus inereasing the strain on pave-
ments and bridges, :

Figure 14 shows the number of heavy gross weights per 1,000 trucks
and combinations in a prewar period (1936-38) and each year from
1942 to 1947, inclusive. Of each thousand vehicles using the high-
ways, the number weighing 30,000 pounds or more was almost three
times ng great in 1943 as in the prewar ]lmrmd, and the number weigh-
ing 50,000 pounds or more increazed fivefold, from 3 to 15 per thousand.

Yigure 15 shows that the increases in heavy axle load frequencies
were of similar proportion, and that this trend has persisted into the
postwar period. Thus the upward swing in heavy axle load frequen-
cies, which was started by the relaxation of weight limitations during
the war, has not yet been arrested.

BUS TRANSPORTATION IN WARTIME

The sharp reduction in the use of passenger ﬂ,pmmnb}lna during
World War IT imposed unprecedented loads on public transit facilities.
The numbers of busses in city and suburban serviee increased from
37,855 in 1941, to 45,610 in 1943, and 48,525 in 1944, Intereaty
busses increased in number from 18,420 in 1841 to more than 28,000
in 1943 and 1944.2 The Office of Defense Transportation * reported
that intercity motor carriers of pasam(;lgers transported 209 percent
more persons in 1944 than in 1941; an that local transit operations

* Bus Facts, seventeenth edition, 1045: quoted from Lhe mingazing Bus Transportatian.

3 4 Teview of Highway Transpert and Transit Industeles During the War, Offies of Defense Transporia-
tion, 1046.
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employing motor busses hapdled approximately 95 percent more
Paasengars in 1944 than in 1941, e total vehicle-miles traveled
vy all types of busses, including school and other nonrevenue types,
increased from 2,820 million in 1941, to 3,365 million in 1943, and
3,700 million in 1944,

THE CONTRIBUTION OF PASSENGER CARS TO WARTIME TRANSPORTATION

In spite of the inereased burden carried by public transit facilities,
the private automobile proved to be an essential agency of wartime
transportation, particularly in getting workers to the war plants.
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TFigune 14 —MNumber of heavy gross weights per 1,000 trucks and combinas-
tions in & prewar period and in each year, 194247,

Many of the largest war industry establishments were situated in
rural or semirural areas where mass transportation could not possibly
he made adequate to serve all the workers needed. Other large plants,
although situated in or near eities, could not be served adequately by
mass transportation alone, because of the time required for many
workers to get to and from worle by the cirenitous routes they would
have been required to take.

As the war progressed this situation became more acute. New
plants, military establishments, and other concentrations of employ-
ment were located in areas served inadequately or not at all by publie
transportation. Many war industries increased their employment and
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thus were required to reeruit the added personnel from greater dis-
tances than before. Inductions into the military service, migration of
workers, and other manpower stringencies causeg still further increases
}n E}w ?lsﬁaﬁl}es I?'um ?@rmﬂ to place of employment. All of these
actors had the effect of increasing the dependence of the war ;
on automobile transportation. . E SHI

War worker use of automobiles

_ This critical situation prompted surveys of war-worker transporta-
tion by numerous agencies; and all of them pointed up the absolute
need for the continued maintenance of the private automobile as a

.Y —
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Figure 15.—Number of heavy axle loads per 1,000 trucks and ecombina-
tions in a prewar period and in each year, 194247,

wartime transportation medium. A study of 749 war plants scattere
throughout Michigan, made in 1942 hy };.hv. State IIilghwu.}' anLSS
ment, revealed that 75 percent of the workers in those plants traveled
to and from their jobs by driving their own cars or riding with another
private-car driver.!

Employee-transportation studies were also made by State highway
departments in other States, generally in cooperation with the Public
Roads Administration and the Highway Trailﬁu Advisory Committes
to the War Department. An umﬁysis of studies made in 1942 at 04
war plants in 10 States, employing 225,000 workers, indicated that

i Tha " ey " . £ i 5 K
D{!WTEIE}EERIT;“W. of Materlals and Waorkers in War Industries in Michigan, Michigan State Highway

e = e
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about 55 percent of these workers lived 5 miles or more from their
places of employment; that about 73 percent of all employees traveled
to and from work by private automobile; and that about 64 percent
of the automabile users lived more than 5 miles from work.*

The results of studies in 13 States, conducted between 1942 and
1044 at 194 war plants, and covering 590,000 workers, indicated that
69 percent of the employees traveled to and from their jobs by auto-
mogile, 21 percent used mass-transit facilities, 8 percent walked, and
2 percent used other means, such as bieyeles or boats.*

Supplemental gasoline rations for workers

Two policies of the utmost importance were adopted in support of
the recognized need for worker transportation by private automobile.
The first was the issuance, by the Office of Price Administration, of
supplemental B and C gasoline rations to private automobiles. Just
prior to the defeat of Germany and VE-day, there were outstanding
approximately 14.5 million supplemental rations, issued for home-to-
work and in-course-of-work driving, in which the travel allowance
averaged 500 miles a month” Passenger-car registrations during
1045 fotaled 25.7 million. Although it is true that the privilege of
supﬂlemcut&l rations was not infrequently abused, their importance
to the war effort cannot be questioned.

(froup riding

The second major policy was the promotion and mmmu':ﬁumant. of
group riding in private automobiles, This was an pesenti volun-
tary undertaking, except for the requirement (not always strictly en-
forced by the local war price and ration boards) that an applicant for
supplemental rations for home-to-work driving must form a ear club,
or otherwise indicate that he was hauling passengers, Cooperators
in this effort were the Office of Price Administration, which conducted
a continuous promotional campaign, the Highway Traffic Advisory
Committee, the Office of Defense Transportation, the maxmﬁlﬂmenm
of thousands of industrial plants, businesses, and government estab-
lishments, local committees, and civie groups. Although the campaign
for group riding was less successful than some of its advocates had
hoped, field studies ® indicated that organized efforts, particularly in
war plants, had resulted in more efficient use of passenger cars in home-
to-work driving. Car-oceupancy counts showed an increase between
July 1942 and July 1944 from 2.2 to 3.3 persons per car at rural in-
dustrial locations. The general level of car occupancy was not raised
to such a high figure, but it was materially higher than in prewar days.

THE MOTORTRUCK ABS A PART OF THE ASBEMBLY LINE

Much of the success of our productive effort during the last war
can be attributed to the availability and flexibility of motor-vehicle
transportation, At the peak of production, many manufacturers of
tanks, planes, ships, armament, and smaller items were opl:-.rnbmgF on
the basis of long-distanee production lines which often traversed whole

¥ From mimeographed relense, War Worker Transperiotion, by the Public Roads Adeinksteation,

Dessmber 1942, 4ot

& These data were summarized from various releases by the Autemobile Manufaeturers Association, and
wers reported in Automebile Facts and Figures, 1844-45, p. 22,

T Offies af Price Administration, Mileage Conservatien Lelier, April 1945,

& Raviow of Progress in Car 2haring, repart No. 4, Highway Tradle Advisary Commiltes to the War
Department, Augast 144,
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States before the final point of assembly was reached. This typically
American procedure allowed more direct participation in the war
effort by thousands of small plants through subcontracting and by
millions of workers who might have otherwise been excluded, And
while the procedure took jobs closer to the available labor force and
minimized the need for personal transportation, it ereated additional
demands on motor vehicles, Because of the unavailability of other
transportation and because of the convenience and fexibility of trucks
and combinations, & high percentage of materials and subassemblies
flowed between parts of the production lines b v motor vehicles,  One

More than 70 |

mobiles for transportation to and from work, Congestion on the old roads
leading to the Willow Run bomber plant in Michigan was later minimized by
construetion of an expressway.

rereent of the workers in war plants depended on private auto-

study of a large number of war plants® revealed that these plants
received 65 percent of their incoming freight and shipped out 69 per-
cent: of their outgoing freight by motortruck.

This is the record of motor-vehicle transportation in World War I1.
Should another such emergency arise, another record, differing in
details but essentially of the same character, will be marked up. The
deeentralization of industry has continued during the postwar years;
and has received official encourngement as a precaution against atomic-
bomb and gnided-missile attacks. It seems probable, therefore, that
in a future struggle all forms of motor-vehicle transportation, and the
roads and streets over which they travel, will be more essentinl to the

war economy than in the preceding one.

*The Transportation of Materials and Workers in War Industrics in Michigan, Michignn 8tate Hizhway
Trepartmont, Lansing, 1942,
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EFFECTE OF WAR ON MOTOR-FUEL CONBUMPTION

Although the gasoline-rationing program was directed primarily
toward the conservation of ribber, it resulted in great savings of
motor fuel, a commodity much in demand for military use in the
United States, on the high seas, and in combat areas. The great re-
duetion in civilian highway use of motor fuel during the war years 1s
illustrated in the following tabulation:

| Consumption in 3 of 1941

Year million zallons | Tereentaps
e 34, 192 10, 0
A R A DS B 14, o S 4
B e s 13,340 2.4
iﬁ G A R e U s USRS TSR 16, 430 0o
i ; .3
B R e et B o 10178 g
LAl BN . ot i S e s o o e e B e i i —F § B,
' , 14 T 2
s e N e e s - gl 4 e
e e L DA S T Y e Ry 8, 210 116 &

|

ing 1d War 11 the motortruck was part of the produetion line, often extend-
D;I:Eigm many States. Thesze airplane fuselages were hauled from Michigan
fo Texas for final azsembly.

The volume of motor-fuel consumption dropped in 1943 to 66 per-
cent luf ite 1941 value, and rose only a little in 1944, Although short-
ages of tires and gasoline were less acute in 1945, it was not until the
termination of gasoline rationing, immediately after the surrender of
Japan on August 14, 1945, that the highway use of motor fuel began
rapidly to regain, and in 1346 to overtake, its prewar level.



Appendix L—S8IZES AND WEIGHTS oF VEHICLES

Postwan INcrEAsHS IN THE Weianr gp VenicLes

It has already boen shown, in
only g temporary interruption s ] ;
traffic volumes and thgy by 1946 the 104] peak hg
and by 1948 the volumes weors about what wotlld ha

& projection forward of the preway trend. The year 1941 was ope
of intense Preparation for the war, and highway activity was at un-
Precedented Jevels, Yet traffic volumes i 1948 were 18 percent higher,
as can be seen from ‘table 4, and this in spite of the fact thyt new auto-
mobiles had bepn scarce and costly sinep the war.  These inereasps
took place on gl classes of roads and in all sectiong of the country.

¥ classes of road, and b

sections of the country, the increases nf
1948 traffic aver 1941 traffic were g follows
{:L-"I.:iﬂ OF ROAD

REAION
Fereent Pyreent
Cltvstmct.x_._.__. “cscemeeeoo.. 10| Eastern regions. ___ Heeaais R
Main rural roads e A ---- 21| Contra) by ] DT R SRR T
cal rural rones_ 2 Westarn Tegions__ ____ 34

Figure 16 shows, for the three sections of the country, the traffie
for Lﬁn Year ending with each month from 1942 to 1948, inclusive, gs
& percentage of the traffie in the calendgy Year 1041, For example,
during the 12-month period ending Mareh 1948, traffic in the eslern

section was ahout equal to that of the calendar vegr 1941, while in

1¢ central regions it was 14 Percent higher and in ‘the western regions
27 percent higher than 1943 traffic,

he postwar nerease in frucking :
can be caleulated from table 8, the von-mileage hauled in 1047 -

ceeded that of 1947 by 25 percent, Preliming figures indicate thg
1948 ton-mileage exceeded the 1941 figure by abhoyt 37 pereent,

has been even more rapid. As

INCREASES 1IN AXLE LOADS

As previously mentioned and shown in figure 15, the trend toward
increased frequency of heavy axle loads has continued unabated into
the postway period.  For egeh 1,000 trucks, thepe Were six times g
many axle loads weighing 18,000 pounds or more, seven times gg
manK welghing 20,000 pounds oy more, and seven times as many
weighing 22,000 pounds o more in 1947 as in the 1936-38 period
when the prewar weighings were made. But this does no tell the
whole story.  Tryel traffic volume in 1948 was approximately douhls
that of 1936, and preliminary figures indicate that the frequency of

eavy axle loads was gt least as great as in 1947. A roa CATTYIng
600 trucks per day in the earliar Year would have had, on the aver.
age, eight axle londs daily weighinge 18,000 pounds or more, threg
weighing 20,000 pounds or more, :m?i{’nu]}r one weighing 22 000 pounds
or more, ssuming an average traffip increase, this same road in
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carry Id have
ing 1,200 trucks per day and wou
o i 3&“35?;% 91 a;ng ®ads of 18,000 pounds or more, vfl?icc;f
E%ﬂ?é}hmwdz‘l:d have weighed 20,000 DE?:E.I 1;}1'11; mg:cinfrnquancies ek
1 8 i ;
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% ing action at the join !
ﬁiéﬁﬂmﬁlﬁﬁﬁﬁ E\?;I::]l:-]:)rm’:gfrum the pavements and ultimately
causes their failure.
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the year ending with each month,
T ]ﬂ.—irﬁgﬂlﬁ :i:‘mtiﬁaft.;:ﬂic i}ln the calendar year 1941,

REGIONAL VARIATIONS

. ; rage
The example given in the preceding paragraph is h”fﬁqcfﬁi“ rh:‘:itugn—
ditions tl?mughout the United States. In son}ﬁ Eﬁlmt e e
tion mﬁmuh worse, as legal provisions and enhnmem sspweig]:its
o s o i o by i e
the Middle Ly
o e e 408 e T, 3,
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easini ey of heavy gross loads by CRN2US TRglons the regions with
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highest frequency of heavy :
3 vy gross loads, but axle loads of 20.00
FI?IJ,JIILIT:I; ::1;1 ;rlgfﬁc?rﬂ;gﬁunﬂ ﬁ?ur}dsdnr :;nmt:f are less frequent if]nrg

. [ e i 5 13 due to the us '
"rrl."!]'lllfﬂlﬂ_ and better load distribution Among thee:ﬁr{e;mr -;h}i‘:ﬁtﬁfr];

“]lll‘i'-'h 18 encouraged by State laws and enforcement prué-.tices

ese ncreased fraffic volumes and weights, and inereased fre
i:}[penc;c:s of heavy concentrated loads, followed n,:'mng perimf in whicf_
highway maintenance was curtailed and new construction and 11r1u:+r.1u:-1"ni
::cfntmn _uia?. entirely eliminated except for some projects rcgardcdl as
o spnma{rhxmpmtnnc{- m the prosecution of the war, Tt ean readily
s ;cnnh lut the result was the serious obsolescence of our highways
. whole, and especially of the principal, heavily traveled routes
such as those that comprise the interstate system, E

TARLE .-~ Number of heay
X J eaiyy ele fonds per 1 O frucka on main m 1
year 1947, by census regions gty

Number of beavy axle londs per 100
hing—
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BREcomMmENDED Maximum Sizes axp WeieHTs oF VENICLEE
VARTETY OF 8TATE LAWE

A condition that embarrasses the effort ey
uniformity of fitness for service in the highw;?rsag}]ﬁ:eeliﬂzee?f Lg;.;?elzg
is the continuing variety of State laws governing the maximum sizes
and weights of vehicles legally permitted to use the highways, The
fact that the law of a State fixes particular limits upon the sizes and
weights of vehicles that may be legally operated on the roads of the
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State is o matter to be reckoned with b]Y the highway authorities, if for
any reason it appears that highways s would be designed to accommao-
date vehicles of maximum size and weight either larger or smaller
than the existing law_allows. Presuming that highways throughout
the Nation should he built to standards uniformly adequate m all
States, the variety of size and weight laws persisting, highway author-
ities of many States are unavoidably confronted with the necessity of
justifying any decizions they may reach as to road standards that
appear inconsistent with the existing State law,

More serious than its effects upon hishway design policy, however,
is the effect of this variety of State vehicle regulatory laws upon the
flow of interstate traffic. When different dimensions and weights
are fixed as the largest permissible in each of two States, vehicles that
can legally be operated in one can be operated in the other only in
violation of law. The difference in the laws becomes a barrier obstruc-
tive of o desirable freedom of movement from one State to the other

WARTIME LIMITS

The unfortunate effects of such differences in State laws are never
more apparent than in wartime. In an effort to surmount the diffi-
culties presented by the variety of laws cxisting at the outbreak of
World War I1, the President early racommnnf?nd in letters to the
Governors of all States that they arrange in some manner to accept
in their States, as permissible for the duration of the war, movements
of vehicles conforming to a certain few dimensional and weight limits.

These limits, which became known as wartime limils, were either
in some manner adopted or tolerated in all States while the war con-

tinued.
The limitations thus propoesed and accepted were az followa:

13 [ ] S N R M o b e S B b D L iy ML e 12 feet 6 inches,
e e L e i e 98 inches,
Length:
Bingla wehlele . _ ..l icaaiicaa B e o e S| iy 19
Cornpinatdanehigles - oosianns il b e T e n s 45 feet,

Axle load:

BIngle AEle s e s s g sl st s e e s o o T TME - Tl

Total on axles spaced less than 10 feet apart. . ... ... 32,000 pounds.
Giroes weight

Yohiclsaof Saxlan- .- oo icicciiane s cemmeena 30,000 pounds.

Wohicles of 3 or more 8168 .. on oo oo oo 40,000 pounds,

This hurriedly arranged uniformity of vehicle regulation was far
from satisfactory, either as assurance of the unobstructed movement
of war traffic or as a measure of highway conservation. The 18,000-
pound axle load limit was soundly based upon the prevailing load-
supporting eapacity of the highways. This accepted, the hmit of
30,000 pounds as the maximum gross weight of a two-axle vehicle
was inconsistent and unattainable if the axle limit were observed,
since to realize the total load permitted would have required an
impracticable loading of the front axle. This inconzistency existing,
highway haulers of important war shipments might be, and they
doubtless were forgiven il they complied with the 30,000-pound gross
load limit and violated the axle-load limit.

The limit proposed for the gross load of a three-axle vehicle, at
40,000 pounds, was at least attainable in n vehicle without infringe-
ment of the axle-load limit; but both of the gross weight limitations
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were inadequate from the viewpoi i i

e ina point of bridge protection by re
E};i:-r fmlu.m ft.n take account of the length of the wnehic-,]nr_'fjrr E’:ﬁﬁnfg;
governance of the size and weight of vehicles and vehicle combinations

of more than three rarti i
ity hree axles the wartime agreements provided no guide

RE i, { 3 H
COMMENDATIONS OF THE AMERICAN ABBOCIATION OF BTATE HIGHWAY
OFFICTALS

For many vears prior to tl i
: 1 ve ie war, the American Associati
:E:;?F;E Igbgmﬁt i{‘;ill;ﬁ:;}ngr had u,tt,e&mpt.m: to find & satisfactory ba:_;;: fgli:
re 1e size and weight of vehicles, T inti
had at intervals offered r i ni ==y v
: ] ecommendations con limi i
o o e i ] oneerning limits suitable
ar ¢ i ccessive recommendations differing mainly i
l..l]][_lf]lﬂt-ﬂﬂﬂ}" with the change of vehicle tire equipment f;lcg}’m t]]t-llgrrarill
solid rubber to the later pneumatic type. i

Poliey on limitations
After the war the associati i i
: _thy on_renewed its consideration
matter and by majority vote of its State highway department m:::fa.hf;?

ship adopted a it ishe i i
o G]I':l}(]l‘.d Iix‘;n'?s :]:u]n.y, published April 1, 1946, the following

Height._ . ____ ST
I el s e LTS TS TR DL e 12 feet O inches,
e e niciceiiceceaa-- D8 inches,
Single truek________
Eirte buow (8 aaden) T T TTT AR s mee e, g'{)mﬂ'
Single bua (3 axles) SRR RS R  a e D feet.
Truck-tractor with semitrailer. D e e
Other combinations (not maore than 2 uni.T:;J -------- e Eg :'-s::

Axle lond_._____

Bront als I T e L c---- 18,000 pounda.

| A= TR
: Maximum i ||
o o : ; Maximum
M::F:';ﬁ'tll?er?i'-' load in Liistanee in feot load in Diistanece in foet MI:;-Il“}um
it Bon X Pounds Batween the ex- iz between the px- F
gré-up uhl‘xiuﬂ r'.m'{lud ] tramos of any enrried an trermes of wny ml.mg‘l_;;{in
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! Palicy cancerning maximmm dime
hgh oy 8 ing i dimensions, weights wnd apoeds of molar
¥ the United States, American Agsacintion af F‘.ilalq- I!Izhwa} mﬂiﬁ?ﬁzimﬂﬂmfﬁm

A width af 102 ined i
e e i3 recammeanded for Dutare ndoption whan the w dening of existing narrow Aurfnees
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Factors considered

In deciding upon thése recommendations the highway officials,
members of the association, were influenced by several considerations.
Foremost in their consideration was the essential protection of existing
road and bridge structures against undue damage by vehicles exces-
sively large and heavy, and the necessary avoidance of highway usage
by wehicles unduly hazardous to other traffic. A further considera-
tion was the possibility of deciding upon a single system of limitation
that would have reasonable prospect of early uniform adoption by all
States, A third consideration, taken in recognition of the tendency
of efficient practice in vehicle design and operation to move toward the
supply and usage of vehicles of greater load-carrying capacity, was the
adoption of limits which, while affording sut‘]lgcient, protection for
existing roads and bridges, would allow for a reasonable enlargement
of the vehicles in prevalent use, and serve as the basis of the advanced
standards desirah?a of adoption for highways and bridges to be built

in the future.
PUBLIC ROADS ENDORSEMENT OF POLICY

The Public Roads Administration endorses the limits recommended
by the association. Without regard to their incorporation in the laws
ﬂ?rthe States, it recommends their adoption as the safe and reasonable
basis of highway and bridee design standards Lo be employed in the
future construction of all States. It discounts the probability of an
future change in regulatory laws or in transportation practice that will
cause the undue obsoleseence of roads and bridges adequately designed
for the accommodation of traflic including o probable frequency of
occurrence of vehicles of the maximum sizes and weights provided for.

Considerations in regard to size

This endorsement is based upon the lollowing considerations with
reference to each of the proposed limits:

The height of 12 feet 6 inches is the maximum safely consistent
with wvertical clearance of 14 feet. The difficulties of providing at
bridges and structures, particularly in cities, clearance in excess of 14
feet warrant the expectation that such clearance will be the greatest
that can be generally provided. .

The width of 96 inches is the greatest that can be accommodated on
the narrower thousands of miles of existing highways. A width of
102 inches, proposed for eventual adoption, is sufficient to permit
desirable improvements in the mechanical and body design of vehicles,
and is consistent with lane widths of 11 and 12 feet for highways of
light and heavy traffic density, which are regarded as reasonable high-
way design standards.

Lengths of 35 feet for single vehicles and 50 feet for tractor-semi-
trailer combinations are consistent as limits for the two classes
of vehicles from the viewpoint of the off-tracking of rear from front
wheels that occurs in turning movements, the amount of such off-
tracking bcinﬁg substantially the same for vehicles of each class at
the limiting lengths. There is no observable tendency of truck
design or truck operational practice to exceed these limits. The limit
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of 40 feet suggested for three-axle busses is desirable for the encourage-
ment of improvements in the design of bus bodies and equipment. It
will not require any alteration of highway design consistent with the

35-foot length recommended for trucks, provided that, as recommend-

ed, the longer bus is carried on three axles,

td}ﬂgth of 60 feet for two-unit combinations other than tractor-
semifrailers is consistent with the 35- and 50-foot lengths proposed for
the other classes of vehicles in the fact that it involves approximately
the same amount of off-tracking. Tt is essential to permit a distribu-
tion of the heavier of probable highway freight loadings consistent
with reasonable standards of road, bridge, and vehicle design. There is
substantial warrant for the belief that such a length will be required
and efficiently used in future civil transport operation, as it is already
equaled and exceeded in the design of military vehicles. No con-
firmation has been found in extensive traffic obhservations of the fear

that vehicles of such length will be unduly difficult or dangerous
to pass.

Congiderations in regard to loads

An axle load of 18,000 pounds is the heaviest that can be allowed.
Such a limit should be nigidly enforced for the protection of existing
road surfaces, most of which will not carry heavier loads without
damage and unreasonable shorlening of their normal service lives,
If future roads were designed to support heavier axle loads it would
be years before the replacement {]If—:' existing surfaces would permit
vehicle loading to the higher axle limit. The 18,000-pound axle-load
limit will not unduly restrict the design and efficient loading of
vehicles if laws are amended to permit the lengths and group axle loads
recommended. By encouraging the provision and use of multiple-axle
vehicles for movement of the heavier loads, the 18,000-pound limit in
eombination with the length and group axle-load limils recommended
will permit more effective braking and make for greater safety in
vehicle operation, :

The tabular values of group axle loading recommended are safe for
H15 bridges which, with few exceptions, are the strongest of existing
bridges. Fixed gross-load limits corresponding to classes of vehicles,
still {u‘mriderl in the laws of some States, should be abolished as
rapidly as possible and group axle-load limitation equivalent to that
recommended should be su]hst.it.ut.ud. Existing roads and bridges
will be equally adequate for gross vehicle weight greater than the
highest value allowed in the recommended table if vehicle length and
number of axles are correspondingly increased and the 18,000-pound
axle-load limit is Taithfully observed.

Bize aNp Wewlgnr oF Minitany VEHICLES

The limitations placed on the design of military motor vehicles are
prescribed in Army Regulations No. 700-105, section II. The
limitations imposed upon the design of Air Force and Navy motor
vehicles are essentially the same as those included in the Army
regulations,

In general, there are two scts of limitations on the size and weight of
military motor vehicles, one applying to general-purpose and special-
equipment vehicles and the other to special-purpose and combat
vehicles. The first group ineludes the bulk of the military vehicles.
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Appendix IL—TRAFFIC DETERMINANTS OF INTERSTATE
HIGHWAY STANDARDS

Highways are avenues of transportation. Within limits of feasi
e " v “ a E l_
bility they should be adjusted in t.E:; various elements of their design

to the justifiable needs of traffic. Failure to effect such adjustments

ol AT s Eak i

I'his bridge on U & Route 30 in Pennsylvania, designed for about 120 loading,
is strong enough to carry ml’mﬂ}:ﬁnt loads as heavy as the 152,000-pound tank
transporter and tank. For adeguacy, the bridge should be wider than the
approach pavements.

in highways previously built, because of a deficiency of traffic infor-
mation and knowledge of road-traffic relationships, have been the
cause of much of the present highway obsolescence.

Significant advance has been made in the last 10 years in the de-
velopment of improved highway design standards as a direct result
of more exact information concerning road usage, motor-vehicle per-
formance, and driver behavior in the presence of various traffic con-
ditions and roadway characteristies. This information is used as a
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base for determining the features of road design that are most divectly
affected by the increase in volume and speed of traffic, features i
which there has been the highest degree of obsolescence in the older
highways. These roadway features relate to the alinement and pro-
file, the plan of interseefions, the clearances, and the horizontal dimen-
sions of the highway cross section,

Many of the recent studies have been devoted to the d yamics of
highway movement; and the results of these studies, combined with
the evidence of traffic growth and distribution and other information
resulting from the State highway planning surveys, form the basis of
the geometric highway standards, previousl described, which have
been employed in rating the deficiencies of the interstate highway
system, and estimating the cost of its adequate improvement.

WIDTHS OF BURFACES AND SHOULDERS

No features of a highway have a greater influence upon the safety
and comfort of driving than the width and condition of the surface.
On two-lane roads the width of pavement is most critical when vehicles
meet, as it is then that drivers must allow sufficient clearance between
vehicle bodies to assure complete safety, while at the same time main-
taining a comfortable margin of safety from the pavement edge. The
clearances necessary for safety at the speeds that vehicles are operated,
added to the combined widths of the two vehicle bodies, constitute
the needed pavement width.

Lane widths

Most of the freight-carryving vehicles now using publie highways
are 8 feet wide. The results of investigation of the transverse posi-
tions of vehicles in motion show that lanes 12 feet wide are the mini-
mum that will provide ample clearances between commercial vehicles
as they-meet one another. This lane width will also be adequate in
case the width of commercial vehicles is increased to 8.5 feet. It is
only where the traffic streams are composed almost entirely of pas-
senger cars that lane widths of 11 feet are satisfactory.

Roadside obstructions

These investigations also reveal that any objects such as retaining
walls, bridge trusses, or headwalls adjacent to a roadway constitute
a safety hazard and are an obstruction to the free movement of traffic,
unless they are 6 fest removed from the normal pavement edge. If
they are 3 or 4 feet away, however, their effect will not be critical
enough to justify greater clearances from the normal pavement edge
on long bridges and underpasses.

Shoulders

Shoulders capable of supporting all types of vehicles standing on
them or passing onto them infrequently and in emergen at high
speed during any weather conditions are essential for traffic safety.
Adequate shoulders are also essential to realize the full ca]:mmtg' of
the surface width., Without adequate shoulders, one disabled vehicle
can reduce the capacity of both two-lane and multilane highways
during peak periods by as much as 60 percent.

A shoulder width of 6 feet is required to insure that lateral obstruc-
tive objects will not decrease the effective pavement width; and an
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additional 4 feet, or a total shoulder width of 10 feet, is required to

permit and encourage drivers of disabled vehicles to stop clear of the
traffic lanes so as not to constitute a traffic hazard,

Eiffect of vehicle length and off-tracking on curves

When a vehicle makes a turn, the rear wheels follow a path having
a shorter radius of curvature than the path followed by the front
wheels. The distance between the two paths is known as the amount
of off-tracking. As a result of off-tracking, vehicles negotiating hori-
zontal curves occupy a greater width of roadway than they do in
following a straight course,

The amount of off-tracking increases with the length of vehicle and
* varies inversely with the radius of the eurve. The off-tracking of
passenger cars is insignificant on modern highways except at inter-
sections and on the ramps at interchanges. - The off-tracking of trucks
and truck-trailer combinations, however, is much greater than for
passenger cars and governs the amount by which the normal lane
widths must be widened on the sharper curves. In some cases, it
establishes the minimum curvature which it is practical to employ for
the design of intersections at grade and at interchanges. The off-
tracking of the larger vehicles that are likely to use the interstate
highway system is not sufficient to require lane widths in excess of 12
feet on any eurve up to 9 degress, which is the absolute maximum
permitted in the design standards for the system. It is significant
that on the sharper curvatures which may be employed in the vicinity
of intersections and interchanges, the 35 feet for single-unit trucks,
the 45 feet for tractor-semitraller combinations, and the 60 feet for
truck-trailer combinations proposzed as limits of lengths by the Ameri-
can Association of State Highway Officials, off-track approximately
the same amounts on correspondingly sharp curves. The off-tracking
of these vehicles varies from about 0.8 fool on a curve with 500-foot
radius to about 7 feet on a 50-foot radius.

SPEED AND NUMBER OF TRUCKS DETERMINE GRADE LENGTHS AND
HIGHWAY CAPACITY

Commercial vehicles occupy a greater road space and influence other
traffic over a larger area of highway than do passenger cars because
they are larger and generally travel at lower speeds, especially on
grades. When a highway is operating at its capacity the total number
of vehicles is therefore less, if there are any commercial vehicles, than
if traffic is composed entirely of passenger cars,

Effect of trucks on capacity

In relation to highway capacity, one commereial vehicle has approx-
imately the same effect as two passenger cars in level terrain and four
passenger cavs in rolling terrain. In mountainous lerrain the effect
of one commereial vehicle may be as great as eight passenger cars,

On individual grades trucks aflect the sale and efficient flow of
traffic because they go so slowly upgrade that long queues of passenger
cars are formed behind them and then go so fast down the other side
that none can pass. This type of congestion tends to cause the drivers
of passenger cars to take risks in passing the trucks al points where
sight distances are inadequate.

s ik v i
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Added lanes y _ =

One means available to the highway designer for elimination or
lessening of the congestion that is created by heavy vehicles ur:a.'l.':rli1 )
up hills is the construction of added lanes or truck lanes on the uphi
side of the grades. This method has been employed by several States
with excellent results.

When the traffic volume on a two-lane road does not exceed 300
vehicles per hour the congestion on grades resulting from slow-moving
vehicles in numbers normally found on main highways 1s not sufficient
to justify the construction of a third lane, regardless of the alinement
and profile, for grades up to 7 percent.

| 1 = 'l'_l

The war proved to be only a temporary interruption to the long-term upwar

EWBEp {E traffic volumes. This dual-dual section of U 8 Roufe 1 near Newark
Airport, New Jersey, now carries about 70,000 vehicles a day.

Where the alinement and profile are such that sight distance does
not restrict the performance of passing maneuvers, added lanes are
not justified for hourly volumes below 500 vehicles. But this is
seldom the case, because sight distance is commonly restricted at the
crests of hills. With the sight-distance restrictions that are normally
present on sections that include grades, an added truck lane is justified
under the conditions shown in table 12. )

Where the traffic volumes approach those that require a four-lane
divided highway, the added lane will provide temporary reliel only
and, under these conditions, in some instances at least, _tha construc-
tion of a divided fourlane highway is the more feasible ;mlut.m\,
especially if the level sections of the highway have a poor alinement.
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VARIATIONS OF TRAFFIC YOLUME AND !:‘RJTEAL. HOURLY VOLUME
DETEEMINE REQUIRED HIGHWAY CAPACITY

Certain general facts pertaining to the volume and pattern of tr
movement are widely known. ‘%h:-. daily pattern is i::fum with Eﬁﬁﬁ
everyone is familiar; and the morning and evening rush hours. with
intervening lulls, are ucm:qltcd facts of the traffic day. Also, the
Enct that traffic on certain days of the year is much heavier than that
on other days is a matter of common knowledge. The manner in
which these variations in flow are related Lo the traffic-carrying ability
of a roadway facility is not so readily apparent.,

Farre 12.— Traffic volumes for which o truck lane is Justified for gradients of various
lengths on 8-lane highways

Cirnclfont | Traffic volume eveeed Ing—

: | Langth of grade
g el e ceoo| 550 wehicles per hour
:mm:n:...... ammseesocsma e oaoa o | SO0 vohicken Por BOUT. .o oo Hm Illn]‘lmr‘wrntqt
SPereEnt. .l fecmeee s eeoeas | 400 vahickes per hoar. . ... o Chver 600 fost
Rl o 400 vehicles per hour | Crver E00 fet 1
------ (1360 vehicles per honr. . -| Dwer 4,000 feet
T peroent_ LAt 460 vohleles per hour. . .........___""""| Over 800 foet.)
s=smsmmmm= s |30 wehisles per hour. cemmemmmnnns| CET 4,000 Foot,

! For length of grade aver 4,000 feet, n d-lana highway is reqoired.

Investigations of the fluctuations in traffic movement show that a
highway planned to accommodate the traffic demand during the peak
hour of the a,vara}:e day of a year will be congested, on an average
during 160 days of the year. Also, if the road is planned to take care
of the traffic during the average hour of any day the demand duri
the peak hour of that day will be more than double the capacit 1'1:'.%
the highway. It is apparent then, that the roadway should be
designed to accommodate the traffic that moves during most of the
heavier hours of the year, but that it is uneconomical to plan for the
;Lf:;:quoni. extremes that occur from time to time throughout the

Comprehensive studies have shown that it is unsconomical to
design the average highway for a greater hourly volume than that
which is exceeded during only 30 hours each ear, and little will be
saved in the construction cost and a great deal lost in expediting the
movement of traffic if the highway is designed to accommodate
fewer vehicles than the volume exceeded during the 50 highest hours
of the year,

For the interstate highway system the thirtieth highest hour of the
year has been selected as the eriterion for decision upon the adequacy
of existing facilities and for determinations of geometrie features of
the highways, such as the number of traffic lanes, maximum gradients,
and curvatures, that are required to accommodate traffic using this
systeln,

. As a result of the variation in traffic flow, highways in certain sec-
tions of the country require considerably higher geometric standards
than others, for the same total annual traffic volumes, in order to
E;‘{;wd‘&] the type of service which this system of highways is expected

ender,
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BTOPPING DISTANCES DETERMINE MINIMUM BIGHT DISTANCE REQUIRED

Proper highway design requires that the length of highway ahead
visible to the driver of a vehicle be sufficiently long at all times to
enable a driver to bring his vehicle to a safe stop in advance of an
object unexpectedly appearing on the road surface. In accomplish-
ing such a stop the driver must perceive the object, react to his deci-
gion that a stop is necessary, and apply the brakes. Following these
actions the vehicle requires a period of time to come to rest, the
needed time depending on the speed of the car and the condition
of the braking system. The distance that the car travels during
these periods is termed the stopping distance. The distance within
which all but the few vehicles with brakes in poor condition can stop
when traveling at the maximum reasonable speed which the highway
should be capable of accommodating is the needed sight distance.

The minimum sight distances in table 13 are sufficient for emer-
gency stops where vehicle speeds do not exeeed the design speeds as
shown in the table. For safe operation sight distance at least as
great as these minima must be provided at all points on a highway,
and at intersections the driver wﬂo is about to enter the highway must
have a clear view in either direction, right and left, equal to the safe
slopping distance for the design speed of the hichway.

rovision of these adequate stopping sight distances places certain
limitations on many of the geometric features of the highway, such
as maximum curvature, rates of change in gradient at crests, width
of cuts, clearances to lateral obstructions along the traveled way,
and the combination of many of these features with one another.

TanLe 13.—Minimum sight distonces

| Fassing alght distances for—
Atopping | o e £
sight dis- :
Thesli apood iu_:n*nela“m 2-lame .hlghwaya 2 _.5-Ia.n.e highways !
tlane hlgh- | [ 1
wiys Do | Absolute F—:L%“‘L‘" | Absotute
Fuel el Feel Feet Fiet
B0 midles per hour. . ... . R 0y B {110 [ PR B e o
40 milea por AT - eeaeaan el 1, 100 HID e
S0mibes par hour_ ..o .o 50 1, 10 1, 400 1, 1K) 0
&0 miles per hour, . ... i R ATH 2, 300 2, 1 1, 500 1, 31
70 milos par ROWT. . e [ELl] 1, T 2, DI 2, (0} L, BIx

RELATION OF TRAFFIC VOLUME, OPERATING SPEED, AND PASSING SIGHT
DISTANCE TO HIGHWAY CAPACITY

The maximum possible capacity of a highway is attained when the
lanes are completely filled with vehicles following each other at a
minimum distance. Under this condition all vehicles will be moving
at the same speed, which is established by the speed of the slowest

driver on the road.
Effect of traffic volume

The high degree of restraint placed upon every motorist when the
possible capacity has been reached, or even approached, results in
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driving conditions that-are wholly intolerable. Drivers are entitled
to exercise some freedom in their selection of speed and their ability
to maneuver. The extent to which this liberty may be exercised is
dependent primarily upon the volume of traffic using the highway and
also, for two-lane roads, upon the portion of the highway where sight
distances are adequate for overta cing and passing. Other elements
such as narrow lanes and narrow shoulders also provoke congestion,
but on highways built to the adopted standards for the interstate
highway system these inferior features are not present.

Practical working capacity

The maximum volume of traffic that.will permit o reasonable de-
gree of freedom from congestion may be termed the practical working
capacity of the facility. Its magnitude depends in large measure upon
local conditions. For rural areas operating conditions are satisfactory
0 long as drivers who so desire may travel at average speeds of 45 to
50 miles per hour without undue hazard. On roads hav ing a lane
width of 12 feet and excellent alinement, such speeds can be attained
wfi iih the traffic volumes shown below, for highways of different numbers
of lanes:

Two-lane highways: a total of 800 vehicles per hour.

Three-lane highways: a total of 1,400 vehicles per hour.

Four- or more-lane highways: 900 vehicles per hour per lane for
the lanes in the heavier direction of travei_

These volumes include a normal percentage of trucks. The average
speed of all traffic under these volume conditions will be about 40
miles per hour.  Where a lower average speed is sntisfactory, as is the
case on multilane expressway facilities in urban areas where flow is
uninterrupted, s volume of 1,350 mixed vehicles per lane poer hour is
practicable. The average speed at this volume will be about 30 miles
per hour bul drivers having a desire to do 8o would be able to Average
35 to 40 miles per hour in safety.

Fassing sight disfanes

Sight distances that restrict passing maneuvers are a serious detri-
ment to the capacity of two- and three-lane roads. Where passing
sight distances are madequate, drivers are restricted in their freedom
of movement in much the same manner as when the lane used for
passing is filled with oncoming vehicles. The reduced capacity result-
ing from short sight distances can be determined by using as & criterion
the percentage of the total highway on which sight distances are
insufficient to permit passing maneuvers to be performed safely.

Studies have shown that few vehicles are passed when their speed
is above 50 miles per hour, and that the majority of cars are
moving slower than 45 miles per hour when they are passed. SJ"ig,hL
distances within the range of 1,500 to 2,000 feat are those most wi ely
needed to meet the requirements for passing vehicles traveling below
50 miles per hour. The distance required to complete a passing ma-
neuver is slightly longer if the vehicle passed is & commercial vehicle
than if it is & passenger car, if the speeds of each are the same. Com-
mercial vehicles, however, usually travel at lower speeds than pas-
senger cars.  Hence, the sight distance lengths quoted above are
usually ample on roads where there are trucks and truck-trailer
combinations.
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Where sight distances within the range of 1,500 to 2,000 fcat_nrr_-
not continuously available tluﬁuﬁhuut e length of a two-lane high-
way, practical capacities are reduced as shown in table 14, where
operating speeds of 45 to 50 miles per hour are desired. =

These observed facts of the relation of the degree of continuity of
passing sight distance to highway capacity are the basis of the 111I-.—
distance standard adopted for the interstate highway system. The
standard requires that 1,500 feet of sight distance shall be available
on percentages of the length of highway sections rising from 163% to
100 percent as the volume of traffic to be served increases from 500
to 800 vehicles in the thirtieth highest hour of the year.

TasLe 14.—Effect of ?.'.esf,ﬂ'c.lsrf sight distances on practical capacity of 2-lane roads

1 h of hi on which sight distanee & restricted to bess ting & of
Pearpentage of total length o Extlmn b e apera %m peed

800 vehicles per hoor,

O P e e e e i | 730 Vehiclea be 7
i m'mg 718 wvehicles per hoar,
5 parca:nt -| 545 vehicles per hour,
a mh’.nl, -| 555 vehleles per hour,
i'ﬂu”ﬁ?&'nt"' -| 450 vehicles per hoar,

VERTICAL CLEARANCES OF BRIDGES

T ien standard providing that all bridges on the interstate
S}*stg‘]al {iﬁa have & c.lmI:l: hcightgabﬂve the surface of not less than
14 feet, and of not less than 12% feet above the outer edges of the
shoulders, is based on an allowable height of 12} feet for vehicles
plus a reasonable clearance between the vehicle and the bridge.

Data obtained by Nation-wide planning surveys indicate that the
occurrence of loaded trucks and combination units of 12% feet and
over and of 14 feet and over is as follows:

Percentage
Chrer 1244 Over 14
Tept 1
= e 0.3 0,03
Bingla WD . - canr e e e m e m e m e m mm e £ S S B
Trni.ck-r.ra.nmra amid somitrailers. .. .o........ % ; -.E
Trueks and full teaibers .. i ad kit s 3
All trucks and combinations_ ...

The above tabulation shows there is little demand for bridges to
accommodate vehicles higher than 12} feet and practically no demand
for a height that will accommodate vehicles over 14 feet high. The
demand for vehicles over 12% feat actually involves only a few com-
modities. The principal demand for vehicles over 12} feet stems from
auto carriers which, when l?lu,defl ingtlfw :Imat efficient manner as now

racticed, have a total height of 13¥ feet. )
pr%‘l'tl’]e tolerance of 1% Im:if between the allowable height o_f 124 feot
for vehicles and a 14-foot bridge height is necessary to provide fpr:
1. The resurfacing of the pavement, which over a period of
vears may result in several inches of increased thickness.
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Tests of beams made of portland cement conerete have shown that
such a beam can be broken by frequent and rapid application of a load
barely more than half as great as the load required to cause rupturs
in single application. So, it is known that concrete is a material
which, like many others, suffers fatigue under repeated stress. Con-
crete pavements undoubtedly suffer such fatigue under the repeated
application of vehicular loads. Without question, the load that a
pavement will withstand in frequently repeated application is not as
great as the heaviest load it would support onee or infrequently
applied. Precisely the degree of such fatigue of the road slab, i. e.,
what load repeated in what frequency on a slab of given dimension
will rupture the slab, has not been determined, and the desirable
eventual determination will be extremely difficult. Meanwhile, the

eat variely of conditions under which concrete roads exist and are

uilt precludes even an approximate generalization of the effects of
fatigue.

Cracking of conerete

It is a matter of common observation that eracks form progressively
in concrete pavements throughout their life. Many of these eracks
result from causes other than vehicular loads. Some, undoubtedly,
are caused by loads, but a load-induced erack ig rarely noticed and
may be unnoticeable at the moment of its formation. Henece it is
practically impossible to impute observed eracking to particular load
causes. The most that can be said with assurance is that concrete
pavements of presently designed dimensions are eracked by vehicular
loads, that they are probably eracked by loads less than those which
theoretically they should support in single application, and that ordi-
nary prudence requires sa{'u allowance for the possible effects of
repeated application in the limitation of axle loading.
Joint pumping

Another phenomenon associated with econerete pavement, to which
the axle loading of vehicles is known to contribute, is the occurrence
Enown as joint pumping. Some jointing of concrete pavements is
unavoidable. If the jointz are omitted, cracks form as a result of
femperature contraction. Where either joints or eracks exist, surface
water may penetrate to the soil subgrade, or water may reach the sub-
grade at the joints in other ways. When a vehicle passes over the
pavement at o joint the edges o% the slabs forming the joint are bent
slightly downward by the load. If, then, there 18 free water in the
viemnity of the bottom of the joint, the downward pressure of the
bending slabs tends to foree it upward and out of the joint onto the
surface of the pavement. If the subgrade soil is of such character
that it enters into suspension in the water that collects, some of the
soil will be pumped out with the water. By such pumping action,
frequently repeated, portions of the subgrade may be gradually
removed, leaving the pavement slab without subgrade support in the
vicinity of the joint, Lacking such support, the pavement may erack
near the L?«:‘.-int under a passing load heavy enough to overtax its un-
supported strength,

oint pumping, as will be seen from this deseription, is not caused
by wvehicle load alone. Detrimental pumping oceurs only in the
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i ' the
s of water and su o or foundation material that t
gﬂﬁepr::; water can carry with it. On the other hand the puinpilxl]lg
action does not occur in the absence of some loading ad]pcet}l:r ::-b "
joint. From widely distributed observations the conclusion has eeg-:
reached that detrimental ﬁumpmg;‘ is generally associated ':;l'lt- 1}3; Is,u ;
stantial frequency of axle loading in excess o 14,000 p-ulgn ]s, o ore
over, loads of that magnitude, frequently repeated, are like :{h uimr-
tax the strength of pavement slabs of the usual thickness when long
continued pumping Eﬂs deprived them of subgrade support. 4
The fact that joint pumping has been observed to occur under c.aé-—
tain conditions associated with axle loading in excess of lé,ﬂ[l[!lpndu;] ts
is not a sufficient reason to suggest the limitation of all axle {:a 3
14,000 pounds as a maximum. It is, however, & definitely o sp;f-\lie
faot associating a particular type of road damage with a‘pm&w ﬂ,;
magnitude of axle loading. In association with the conclusions ra.w;
from the long experience of many highway authorities, it suggeaﬂs
that the limitation of axle loading shoul be fixed at no gr:;:.ng;g
superior weight. Among the other lessons of experience are th
gained from many obgervations of the difference in damage ufcnumng
on heavily and lightly loaded lanes of the same pavements, rtétg 0
quick oceurrence of more extensive damage to pavements sudden ]i',r
subjected to heavier axle loading, and from the dﬁararnceiﬁ 111’d rrdlm -
tenance expense for similar pavements lightly and heavily loaded.

Adherence to 18,000-pound limit necessary : :
These lessons of experience have brought highway pﬂ"‘!ma.l? ai]én{:?g[t.
unanimously to the convietion that the axle-load hrnijt. of e
unds presently fixed by law in 34 States should pot be excee 8,
ut rather should be more rigidly enforced as a prudent measure
cisti reservation. :
mﬁltr,lhgcr?gjljgﬂf ound limit should be enforced for the pmt.e-_:tmnfuf::
existing roads, the need for n;a;lc]lx']im}mltmn ?ril_l cerrgitdrgy continue fo
ears during the nor ife of the existing . f
ms%‘lﬁny uestion tﬁmn arises: Should new roads hencuf_cﬁ't-ll: bullk E:
designed to support heavier axle loads? 1f so, they wi “?[f
mad%a stronger than the greal majority of existing ma_dsih {1}?\{
roads are built of such greater strength, what assurance 15:; - er?m tzr
future vehicle-operating practice will not demand  st1 g .
streneth? It is an incontestable fact that the highway systeT g,nunld
be ef%mient]y designed and administered to serve an uncertain ar
increasing axle loading. e
Additional evidence supporting 18,000-pound limui e
i y that
ressed strongly by this fact, and holding the conviction
1515'35 pounds is tl'?u:irmn{riest m&lie 'ls?ludi the gﬁ;ﬂra';l}::;}yﬂﬂ {?:;s:éngfrfg;ﬂ;
il aupport, hichway officials have also nee.
Eﬂéﬁ:ﬁiﬁnhipe wcjigthg mycunvincn them that axle loading in eic-:::iz
of 18,000 pounds is not an essential concomitant of g:ru:atelr p{:{t}f 0 o
for vehicle operators. Additional gross weight and pay loa dmnThr
readily accommodated if the number of axles 1s %ncr?nse < b
evidence to this effect iz extensive. Its gst s sufficiently con gxl{-
by the following comparison of the relation between the nvell;g.get‘ .
loading and gross weight of all loaded heavy trucks and combination
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weighed during 1947 in two States in which different transporiation
practices have developed in the presence of materially different laws:

! Mew :FI:F‘:EI:;I.'I Californin
|

Averape proes weight of all kpdesd vohicles weighed . | pnnndds.

6, 514 fid, 070
Averaps nuinber of axles, all Inaded wehicles weighed I a0 4 77
Averape nxle lond of pll lopded vehicles weighed pounds. . 15, 482 11, 347

It iz apparent that in California, where the law prescribes an axle
load limit of 18,000 pounds, a maximum gross vehicle weight of 76,300
pounds, and o maximum length of 60 feel, the average gross vehicle
welght of vehicles in usze is greater, while the average axle load is less
than the corresponding weights of vehieles in use ir:l%\'cw Jersuy where
the law prescribes no limit of axle load, a maximum gross vehicle
weight of 60,000 pounds, and a maximum length of 50 feet.

Since an axle-load limit of 18,000 pounds is now, and for yvears to
eome will be, essential lor the proteclion of existing roads; sinee a
large mass of evidence exemplified by the above comparison indicates
clearly that such an axle-load limitntion need not unduly limit either
the gross weight or pay loads of vehicles; and sinee the necessities of
efficient design and administeation of the highway system require
fixation of axle loading, the conclusion is strongly supported that
15,000 pounds should be adopted as the maximum axle load permis-
sible under the laws of all States, that this limit without future in-
crease should be rigidly enforeed, and that highways built in the future
should be :lesig]mr?fm' the normal support of axle loads of that magni-
tude in the frequency of their pruhuj-: & OCCUrrence,

AXLE-LOAD COMBINATIONS AND BPACINGE DETERMINE REQUIRED
BRIDGE DESIGN

Unlilkke roads, bridges are affected by the gross weight ol vehicles us
well ag by the load on each axle.  The effect of gross weight, however,
is ndt that of a weight applied at a single point, but rather that of a
weight distributed over a significant length—the length of the over-all
wheel base—and LLEIPHMI to the bridge within that length at points
separated by the distances between axles. Some of the stresses

enerated in a bridge are responsive to separate axle loads; others are
determined in their amount by the magnitude and spacing of all the
axle loads applied by a vehicle. Siresses generated by single axle
loads are critical mainly in the floor system of the bridge; stresses

nerated by groups of axle loads are critical in the larger supporting
abric, such as the lrusses or main girders. In the latter parts,
vehicles of widely different total weight may generale identical stresses
if the lengths and axle spacings of the vehicles differ appropriately
in relation with their weights,
Distribution of weight tmportand

So, for the design of a bridge it is not sufficient 1o know the maxi-
mum gross weight of the vehicles that are expected to use it,  Some
assumption must also be made of the manner in which the gross weight
will be distributed and applied through axles of definite spacing.
Similarly, whereas an existing bridge may be adequately protected
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awrainst the dunger of overstressing by the posting of a single weight
!Iﬁr?ir,, if the !'uni posted corresponds to the load that may be sa ely
enrried on the shortest vehicle, such posting will prohibit the use of
the bridge by longer vehicles of substantially heavier weight that
could safely use it. . g o

Since both the weight and length of vehicles in combination de-
tormine their effects upon bridges and since the weight-length relation
varies so widely among all the vehicles that will use a bru].{gc—&.nd
since, further, vehicles of different weights will have exactly the same
offect if their lengths are varied in proper relation to their wel%lljlts,
there is no single answer to the question as to what weight of vehicle
a particular bridge will safely support.

(onventional design loadings ‘ :

In the design of highway bridges certain conventional vehicular
loadings are assumed. The magnitude of the assumed loading is
deseribed by a designation involving the letters H or H and 8 and
numerals expressive of weight. The combination expresses loading
equivalent to that of a vehicle or combination of vehicles of definite
weight and length. Thus, H15 loading 1s equivalent to the weight of
a single vehicle of 15 tons total weight carried on two axles, 14 feel
apart, one loaded with 12 and the other with 3 tons. H20-316
loading is equivalent to the loading of a tractor-semitrniler combi-
nation of 36 tons total weight carried on three axles, separated by
digtances of 14 feet and loaded with 4, 16, and 16 tons, respectively.
An H20-816 bridge is a bridge designed for H20-516 loading. An
H20 bridge is a bridge designed for H20 leading. y

But the fact that an H15 bridge is designed to support a vehicle of
15 tons or 30,000 pounds total weight does not mean that it will, .w1th
equal safety, carry every vehicle of 30,000 pounds total weight nor
that & vehicle of 30,000 pounds total weight is the heaviest ve icle it
will safely support. Such a hr'idf;:: wouldl be overstressed by a
30,000-pound vehicle having a wheel base of less than 14 feet; it ?v::-uld
carry without any overstress a combination vehiele mehmg 60,000
pounds having an over-all wheel base of 42 feet and axles appropri-
ately loaded.

Fallacy of gross-weight control :
Herein lies the fallacy of laws aiming to contrel the gross weight
of vehicles by specified fixed limits of weight cm-respﬁndm:fr to certain
classes of vehicles, such as 30,000 pounds for two-axle _u'thclr:'.s,
40,000 pounds for vehicles of three or more axles, Such limits are
unnecessary for the protection of roads which, as ]jJI‘BWI:‘:'IJE.l}F explained,
are affected by axlnliﬂuding rather than gross load, They permit the
operation of vehicles that will generate 1n some bridges stresses greater
than those contemplated in their design, and mors frequently, if they
are enforced, they will prohibit the operation of many heavier but
safer vehicles. . Py
For example, a State in which there are many bridges of H15 design
standard, if its laws limit gross weight at 30,000 and 40,000 pounds ﬁr
vehicles of two and three or more axles, }'Especu}raly. will permif the
overstressing of its H15 bridges by vehieles of 30,000 pounds gross
weight and wheel base less than 14 feet; and it will, ﬁl]ppu«sﬁ{]]}r at least,
prohibit the operation of many vehicle combinations of the greater
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lengths which would be less onerous in their demands upon the bridges
dmpi:]a the fact that their gross weights might materially exceed 40,000
pounds.

Interstate system design loading

These are the reasons that underlie the recommendation of the
American Association of State Highway Officials which proposes to
limit the gross weight of vehicles by the limitation of constituent
group axle loads conforming to a table of weights corresponding to
a range of axle group spacings. The values in the table have been
calculated in such amounts as to permit the operation of vehicles of
various lﬁnlgths and corresponding weights, all safe in respect to the
capacity of H15 bridges,

ridges of H15 design now so greatly predominate among existing

bridges, on even the prinecipal highways, that no higher limits of
vehicle gross weight ean be reasonably permitted. The design stand-
ard proposed for bridges on the National System of Interstate High-
ways is H20-516. Bridges of this standard are designed to support
loading equivalent to that of a tractor-semitrailer combination of
28-foot over-oll wheel base, weighing 72,000 pounds. Such a bridge
would be equally safe for a combination vehicle weighing 100,000
pounds if its over-all wheel base length were 54 feet and the constituent
axles were appropriately loaded. The statement that it would be
equally safe means that it would support such a vehicle without stress
in excess of the design assumption, which involves an ample factor of
safety to allow for uncertainties of material and construction and for
the effects of fatigue induced by repetition of stress. In war or other
emergency such H20-816 bridges will support without danger the
infrequent application of vehicles of appropriate length and weight
distribution grossing from 160,000 to 200,000 pounds, depending upon
the vehicle wheel base, the length of bridge span, and the number of
load repetitions,

FROTECTION OF ROADSE AND BRIDGHS AGAINST OVERLOADING

For reasons stated in the preceding pages it is proposed to build road
foundations and surfaces on the interstate highway system for the
gsupport of 18 000-pound axle loads, and to build brndges of H20-516
design.  Coste of improving the system have been estimated for roads
and bridges conforming to these standards,

If heavier loads are to be permitted, the contemplated design of
roads and bridges should be strengthened and the estimated costs
should be correspondingly inereased. The roads and bridges actuall
built should be esigrlll;ﬁ for the safe support of loads to be permit tuft
When so built, they must be protected against overloading by appro-
priate laws adequately enforeed. Unnecessary and eostly damage will
result from failure to heed this injunction.

i e i e i L

Appendix II.—REPORT OF THE SECRETARY OF DEFENSE ON
HIGHWAYS FOR THE NATIONAL DEFENSE TO THE COM-
MISSIONER OF PUBLIC ROADS

March 11, 1848

1,—GENERAL

A. The Federal-aid Highway Act of 1948 (Public Law 834, 80th
Cong.), among other thit]és, directed the Commissioner of Public
Roads to cooperate with the State highway departments in a study
of the status of improvement of the National System of Interstate
Highways and to invite the cooperation and suggestions of the Secre-
tary of Defense and the National Security Resources Board as to their
indicated or potential needs for improved highways for the national
defense. Accordingly, the Commissioner of Public Roads requested
the advice and recommendations of the National Military Establish-

nt. ,
m‘iﬁ’. This report is confined to the over-all requirements. More
complete details and specific mquiranti}nnts w;]_l e developed and

i as plans and requirements become firm. :
m?f*:di'i‘lﬁ:egver—g]l highwa, rqlecds of the National Military Establish-
ment have been subdivided into eight general categories, each of
which is defined and discussed separately, as follows:

(1) Connecting system of highways interstate in character.

(2) Urban arterial system.

(3) Defense service roads.

{4) Access roads.

{(5) Installation roads. )

(6) Excessive military damage to highways. '

(7) Size and weight characteristics and movement of military
vehicles. :

(8) Highway maintenance. )

I). Based on World War IT experience, recommendations are made
with the view to presenting suggestions as to a way in which the
indicated needs could be provided for effectively and with the greatest
#CONOMY. : o AV

F. In general, reference is made only to those needs which it is
believed have a military significance that would not be provided for
by the normal pattern of planning for and construction of highways
to meet local peacetime civil needs.

2 —CONNECTED SYSTEM OF HIGHWAYS INTERSTATE IN CHARACTER

A. Definition _ ‘ _ g
(1) The “connected system of highways interstate in character’ as
used in this report is composed of the National System of Interstate
Highways and other highways of strategic importance.
113
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_(2) The National System of Interstate Highways is that syste
highways designated in accordance with the ederﬁ—aid Hi h{vsaﬁig{
of 1944 (Pubhc Law 521, 76th Cong.) limited to 40,000 miigcs in total
extent and so located as to connect ¥ routes, as direct as practicable
the prineipal _metropolitan areas, cities, and industrial centers. to
serve the national defense, and to connect at suitable horder p{;:inta
with routes of continental importance in the Dominion of Canada
:lu'lEJ_3 ;;heﬂﬂie-puﬁlic of Mexico,

3) “Other highways of strategic importance’ are existing higl
other than the National S}'sLem&Ef Int.g'nstate Highways w]:.i%h aﬂ;g:
of their strategic location and points or areas served would potentially
become major highway transportafion lines of eommunications in
the defense of the [nited States,

B. Dhscuszion

(1} The National Military Establishment considers a relatively
small “connected system of highways interstate in character,” con-
structed to the highest practical uniform design standards, essential
to the national defense. Beeause of the time required, and cost
such a system must be planned for and constructed during pencetime,

(2) The transportation utilization experience of the military forces
during World War I was the basis for recommendations as to routes
that should become a part of the National System of Interstate High-
ways. It is believed that this system will, in large part, provide the
principal system of connecting highways to serve the national defense.

(3) However, as weapons and methods of warfare change there
will he a significant change in the strategic importance of a relatively
small mileage of connecting highways not a part of the National System
of Interstate Highways. These other highways should be identified
and given equal priority in design and construction within practical
economic limits. The total milenge of “other highways of strategic
unportance’ as foreseen at this time will not exceed 2,500 miles. It
will be an exception if any of the “other highways of strategie impor-
tance' are selected which are not now a part of the Federal-aid syatem
of hichways, However, it is believed provision should be made for
adding such sections of highways which are not on the Federal-aid
system without regard to any mileage limitation.

(4) The general location and extent of these strategic routes are
the §ubéem of continued consideration and the Commissioner of
Public Roads will be currently advised, within security limitations,
as to the location and potential traffic considerations which might
be ]mI]r:rful in the improvement of such highways,

_8) There are, of course, economic considerations which should be
given to the identification of a connected system of highways which
will most effectively serve the national defense within certain projected
periods of time, Subject to the development of more complete basic
information the Department of National Defense considers the Na-
tional System of Interstate Highways and certain other routes of high
sirategic importance to be the principal “connected system of hizhways
interstate in character” essential to the national defense,

_ (6) In the improvement of this “connected system of highways
mnterstate in character,” it is considered important that wherever
feasible there be incorporated in their design and construction the
controlled or limited access principle. This is considered important

i
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o preserve the effectiveness and efficiency of the system by praveutinﬁ
ribbon development with difect access and cross traffie, which wi
ultimately ereate excessive congestion, and to make possible the
exercise of a high degrge of control over its use for high priority
civilian andfor military traffic in event of an emergency.

{7) The relative importance of correcting the various classes of
major deficiencies of the “connected system of highways interstate
in character” should be based on praetical economic and defense
considerations and should be made the subject of continued ecoordi-
nation.

(7. Recommendalions
(1) That necessary scheduled planning and action be taken to im-
rove to the highest practical uniform design standards the desipnated
Klﬂt.innﬂ.l System of Interstate Highways and other officially designated
highways of strategic importance as & matter of high priority in the
Federal-sid hiFhway construetion program.

(2) That all highways of the defined “connected system of high-
ways interstate in character' incorporate in the functional design the
prineiple of controlled or limited access unless such construction is
found to be not feasible,

{3) The relative importance of correcting the various clnsaestuf
major deficiencies on the defined “connec system of highways in-
terstate in character” be made the subject of continued study and
coordination belween the Public Roads Administration and the
National Military Establishment.

3.—URBAN ARTERIAL HIGHWAYE
A, Definition

(1) “Circumflerential highways" are highways cireumferential in
character with respect to the center of the metropolitan areas which
are extensions of or connections with urban arterisl highways of the
National System of Interstate Highways and/or other principal rural
highways and which serve as many as possible of the transportation
terminalz, industrial, metropolitan,- and residential areas for the
efficient. flow of large volumes of traffic.

(2) “Radial highways” are those important urban extensions of
the National System of Interstate Highways or other principal rural
highways whicf{ approach the metropolitan and business areas along
ruﬂi&l ines,

B, Discussion

(1) The National Military Establishment considers that urban
arterial highways should be given equal consideration in their devel-
opment to the highest practical standards with the National System
of Interstate Highways and other strategic highways,

(2) Methods of modern warfare require the rapid movement of
military forces through or around urban areas and may require move-
ment of much of itg civilian population and industry. li’xir attacks
directing missiles of extreme reaction can render hig; ways in areas
with eoncentrations of tall buildings and structures of little use.

(3} Cireumferential routes in large cities are potentially of greatest
value to national defense from the standpoint of the movement of
cargo and personnel by highway transportation when located in the
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outer development adjacent to smaller buildings and serving as many
as possible of the transportation terminals and industrial areas.
_(4) Radial highways so constructed as to serve efficiently the local

civilian economy and with appropriate connections to circumferential
highways will, it is believed, serve effectively the national defense.

(5) In the construction of the above referred to radial and circum-
ferential routes, it is important that they incorporate the controlled
or limited-access characteristics or have wide rights-of-way which
would make possible the exercise of priority in their use and in event
of bombing would reduee to a minimum the rubble that would fall on
at least a portion of the traveled way.

(6) Correcting the various major deficiencies in eritical urban areas
should be & matter of continued coordination between the Public
Roads Administration and the National Military Establishment.

(. Recommendafions

(1) Necessary scheduled planning and action be taken to nprov
to the highest practical uniform design standards ecireumferentinl
and radial highways as a matter of high priority in the Federal-aid
highway construction program.

(2) All eircumferential and radial highways incorporate in the func-
tional design the principle of controlled or limited access or have wide
rights-of-way.

(3} Correction of the various major highway deficiencies in critical
urban areas as viewed from a defense standpoint be made the subject
of continued study and coordination between the Public Roads
Administration and the National Military Establishment.

4, —-DEFENSE §ERVICE ROADS

A, Definition

(1} “Defense service roads' are roads that normally exizt and are
open for use, but because of the size or weight of vehicles or traffic
volume generated by or the lay-out of a defense facility, industry, or
military installation, may have to be reconstrueted, relocated, supple-
mented, or otherwise improved from the boundary of such installa-
tion or area to a suitable highway, railroad, or waterway.

B. Dizeussion

(1} In peacetime there are a very few existing and newly con-
structed military installations or facilities whicﬁ enerate traffic
having size, weight, andfor volume characteristics that exceed the
capabilities of existing roads or streets serving them. During a war
there are many expanded and newly constructed installations and
facilities which generate traffic exceeding the capabilities of existing
roads serving them.

{2) Experience of World War IT would indicate that only a small
percentage of this type of highway requirement can be determined and
construction just-iﬁci in advance of a national emergency. However,
during the early part of the last war plans and funds were not avail-
able for immediate action when definite locations and potential traffie
information were available. In some cases plants were completed
beflore plans were made for highways to serviee them. There resulted
unnecessary production delays and expense in providing adequate
highway facilities. :
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(3) Necessary action should be taken so the highway econstruction
authorities can make surveys and prepare plans while plans for the
military or industrial site are being prepared. Construction of neces-
sary highways should follow at the earliest possible date after con-
struction or expansion of the installation or facility i= an established
fact. In this way provision can be made for traffic turning move-
ments, entrance gates, parking areas, highways for initial needs, and
right-of-way for highways to serve planned expansion. ;

(4) Design standards for defense service roads to installations and
facilities will vary with the wehicle size and weight characteristics
and volume of traflic generated. Accordingly, each should be made -
the subject of a separate study and constructed to provide effectively
and economically the essential highway transportation facilities to s
suitable highway, railroad, or waterway.

(5) A preliminary survey indicates t there are an estimated 100
miles of this type o{acrvice road to installations of the National Mili-
tary Establishment which now or will in the next 3 years need im-
provement.

(6) In event of mobilization, there will be an estimated 2,500 miles
of improved servica roads required.

. Recommendations

(1) Enactment of legizlation which will authorize the Public Roads
Administration to provide for the improvement or construction of a
small mileage of officially designated defense service roads during
peacetime. ;

(2) Enactment of Federal highway legislation which will provide
for the advance preparation of defense service road plans at the time
the final installation or facility plans first become firm and are offie-
ially certified as such,

(3) Enactment of legislation which will provide for the immediate
diversion of a reasonable amount of Federal-aid highway funds, ap-
propriated for normal highway construction, for plans and construe-
tion of officially designated defense serviee roads, in event of a national
emergency established by total mobilization of the Armed Forces,

5—ACCESS ROADS
A. Definition

(1) ““Access roads" are roads that are potentially required but nor-
mally do not exist, the construction of which is required to provide aceess
by highway transportation from a suitable highway, railroad, or water-
way to material resources or processing points not available from the
peacetime economy.

B. Discussion

(1) Access roads are defined and discussed separately because they
are normally new highway facilities and their requirements are directly
related to the provision for and supply of natural resources.

(2) These roads include such highway facilities as will be required
during wartime to provide material resourees required in excess of
those needed for the peacetime economy or which cannot be obtained
for the civilian needs economically. It will generally require consider-

&b:::i time to make surveys and prepare well-engineered plans for such
roads.
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_(3) Determinations as to necessity should be made during peace-

time. Preliminary plans for construction of necessary roads should
be prepared and held for implementation if a major war becomes
unminant,

(4) Certifications as to the essentiality for such roads should be the
responsibility of an agency having over-all responsibility.

. Recommendations _

(1) Enactment of legislation which will provide for the advance
preparation of access road plans during peacetime when highway
service to the area is certified by the appropriate Federal agency as
essential to a major war effort. ;

(2} Enactment of legislation which will provide for the immediate
diversion of a reasonable amount of Federal-aid highway funds,
afpmprmted for normal highway construction, for construction
of the necessary access roads in event they are required for total
mohilization of the Armed Forces,

6. —INSTALLATION ROADS
A, Definition
(1) *Installation roads™ are roads or streets within the boundary of
& military installation or industrial site which are controlled, con-
structed, and maintained to serve the facilities and traffic within that
insgtallation or industrial site.

B, INecussion

(1) These roads are designed and constructed to serve facilities and
traffic within the boundary of a military installation or industrial site.
They do not include public roads passing through a military installa-
tion or industrial site which are constructed and maintained by local
street or highway authorities. The cost of construction and main-
tenance of installation roads is ineluded in the funds appropriated for
construction and maintenance of buildings and other facilities.  Actual
construction and maintenance is ﬁmvidmi for by contract, installation
¥cljsunnr‘1 and facilities, or Military Establishment personnel and
acilities.
. Recommendations

(1) That the above indicated procedure be continued.

T—EXCESRIYVE MILITARY DAMAGE TO HIGHWAYS

A, Definition .

(1) Excessive military damage to highways is that caused by the
movement of military vebicles or units when such movement 15 for
the direct defense of the United States, or if in peacetime, use of the
h;;ihwa_ys or streets has been authorized by the responsible State or
other government agency at the request of responsible military author-
ities, and which does visible damage in excess of that caused by normal
military and civilian vehicle use,
B. Diseussion

(1) Large Reserve, National Guard, and/or Regular Military Estab-
lishment units or combination movements for maneuvers, exercises,
or defense of the United States cause excessive damage to some of the
streets and highways used.
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(2) Requests made to State authorities for occasional movement
over highways of Military Edtablishment vehicles, designed for off-
road operation in a combat zone, have heen refused because of their
excessive axle and gross weight. The fact that there are no Federal
funds currently available for repair of the possible damage if the
highway engineer does not give proper allowance for deterioration of
surface or structures, is believed in large part responsible.

(3) In at least one case there is need for movement of a few combat
vehicles, for test purposes, over a city street and rural road, approxi-
mately 4 miles to the test area. The cost of improving facilities to
accommaodate these occasional loads or the purchase of new areas for
testing does not at thizs time appear to be economically justified.
However, the occasional but continued use of the same road causes
damage in excess of the normal use for which the pavement was
designed. Tt is therefore believed more fitting to pay part of the cost
of repair of such city streets or rural roads until t.Ec condition can be
otherwise corrected than to build new facilities,

_(4) Provision for immediate repair of such damaged portions of
highways is necessary to help obtain permission to use them oc-
casionally during peacetime, or if for defense, so they ean be repaired
without delay.

(5) Federal funds were available for reimbursement for such damage
to highways during World War II, and it is understood that the State
highway departments’ claims were not unreasonable.

- (. Recommendations

I:Ia The Commissioner of Public Roads be authorized to reimburse
the State or other local highway departments for excessive and visible
:!ama%_a to public highways caused by the movement of Military
Establishment vehicles or units when such movements in wartime are
for the direct defense of the United States or in peacetime have been
authorized by the responsible State or local highway authoritiss and
the excessive damage claim has been verified by Em Military Establish-
ment ns appearing to be a fair and just elaim. Final decision as to the
r;{mo:{lnt of such claim should rest with the Commissioner of Public
oads,

8. —8IZE AND WHNIGHT CHARACTERISTICS AND MOVEMENT OF-MILITARY
VEHICLES
A. Definition

(1} “General purpose vehicles” are motor vehicles of the Military
Establishment designed to be used interchangeably for movement of
personnel, E-III:TFIJEH, ammunition, or equipment, or for towing artillery
carriages, trailers, or semitrailers, and used without modification to
body or chassis to satisfy general automotive transport and adminis-
trative needs.

_ (2) “Combat vehicles” are tracked vehicles of the Military Estab-
lishment with or without armor andfor armament, which are designed
for specific fighting functions, or wheeled vehicles which develop
similar critical loads.

B. Discussion
(1) Subject to the improvement of highway systems, the develop-
ment of additional factual information on the economics of motor-
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vehicle size and weight for hig]lwa.{ use and on ﬁ&ﬁicnhi.lit-y of soils for
vehicles for off-road use, the following “General specifications and
limitations in design™ reflect the highway design requirements:

(a) General-purposze vehicles

1. Height: 132 inchea,

2, Width: 98 inches.

3. Length: .

a, Single vehicle: 35 feef.
k. Trueck tractor and semitrafler: 50 feet.
¢, Other combination: 65 feet,

4, Axle load: No axle spaced between 3% to Ti feet of nearest adjacent axle
will carry more than 16,000 pounds, No axle a d more than 74 feet from the
nearest adjacent axle will exceed 18,000 pounds.

5. Gross vehicle weight: The gross vehicle weight of any general-purpose
vehicle will not exeeed 78,000 pounds. The gross weight of the vehicle or eom-
bination of vehicles will not exceed 36,000 pounds if the distance from extreme
fromt axle to the extreme rear axle is 10 feet or leas and will not exoeed 850 pounds
for each additional foot of this dimension.

{5) Tracked combat vehicles

. Height: 150 inches.

. Width: 144 inches,

. Groas vehicle weight: 160,000 pounds.

. Ground pressure: 12.5 pounds per square inch.

. For vehicles less than 60,000 pounds: Weight per linear foot, in pounds,
equala 3,000 pluz 0,06 times (gross weight, in pounds, minus 8,000),

6. For vehicles 60,000 pounds or over: {F’Eight per linear foot, in pounds, equals
20,000 times gross weight in pounds; divided by (160,000 plus gross weight in
pounds).

(2} Movement of vehicles of the general-purpose type would be
frequent and similar to normal civilian traffic movements,

(3) Movement of vehicles of the tracked combat-type or wheeled
combat vehicles which develop similar eritical loads would be infre-
quent and controlled. )

{4) Highway facilities which will accommodate the above-described
vehicles and types of movement would potentially be of greatest
direct benefit to the national defense. Minimum uniform design
standards should be established for all hishways of the “cnnm:nh'rxfllg
system of highways interstate in character” and these standards
sﬁsmﬂd provide for the efficient and frequent movement of vehicles
within the design limitations of the above-described $ene:u]—purpua.e
military vehicles and the infrequent movement of combat-type
military vehicles. 5 3

(5) ﬁuring the early part of World War IT highway traffic regula-
tion varied among the several States and thus impeded the [ree
movement and efficient utilization of available equipment transporting
material essential to the war effort. Later, nearly uniform but in
many instances temporary uniform regulations were adopted. Since
the end of the war the more restrictive Erewar regulations have been
liberalized in some States. However, there remain many variations
in State laws governing the use of principal Federal-aid highways.

[ﬁ]] The accomplishment, during peacetime, of uniform traffic
regulations would be of material assistance to the National Military
Establishment in the event of any future emergency. Of tPﬂ.I‘t-t_l‘:Ll]ﬂ.l’
importance is the accomplishment, during peacetime, of uniform
highway traffic regulations which will make possible the efficient and
effective movement of the general-purpose-type military vehicles on
the “connected system of highways interstate in character.”
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' Recommendations x
(1} Design standards for the “connected system of highways inter-
state in character” provide for the efficient and effective ¥requéni.
movement of vehicles within the general specifications and limitations
in E‘];}El]g;‘l for ge:mrzlu;iiu ihvehicles.
_Design standards for the “econnected system of highwavs inter-
state in character” provide for the in.fmqunntsg-snd cnntrolﬁd mgf'e;;eﬁit

of vehicles within the general specifications and limitations in design .

for combat vehieles,

(3) Necessary steps be taken in keeping with improvements and
the capability of the highway system to establish during peacetime
uniform highway traffic regulations governing the use of interstate
highways and particularly the “connected system of highways inter-
state in charscter,"

9.—HIGHWAY MAINTENANCE
A, Definition

(1) Highway maintenance is defined as the maintaining or keeping
of & highway 1 its original condition commensurate with its life ex.
pectancy and open for the normal and safe movement of traffic,

B. Discussion

_ (1) All highway construction not essential to the effective Proseci-
tion of a war should be discontinued during any such period of emer-
gency. Kvery effort should be made to keep to a mimmum the need
for new highway facilities by coordinated planning for and selection of
new sites, where little or no new highway construction is required.

(2) This policy will reflect itself in the need for wise planning for the
adequate maintenance of heavily traveled roads serving industry,
military installations, agricultural areas, and the strategic highways to
or through critical areas. Failure to provide essential maintenance
will result in essential new construction or recomstruction with its
interference to traffic and greater demands for critical materials and
ma,n?uwe:-. e} ;

(3) To keep to a minimum the need for expenditure of critical ma-
terials and manpower during a national emergeney the incipal streets
and highways in urban areas, the National System of Interstate High-
ways, and other identified strategic routes should be maintained at a
high level during peacetime,

{4) Investigations should be made as to maintenance items that
would be in short supply due to their source or transportation require-
ments with the view to learning the advisability of stock piling & limited
quantity of certain items. Particular consideration should be given
to the stock piling of bridge material.

. Recommendations

(1) That the Commissioner of Public Roads take whatever action
may be nccesaaﬁ to assure the continued high level of peacetime
maintenance of the principal urban and rural Federal-aid highways.

(2) That the Commissioner of Public Roads initiate the nee
action to determine the advisability and extent to which cﬂiimi
mamtenance items can and should be stock piled during peacetime.
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